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INTRODUCTION 
Blowflies belonging to the family Calliphoridae 
are of considerable medical and veterinary importance 
(Lindsay and Scudder, 1956). The larval forms of these 
flies are found in human and animal body producing a 
pathogenic condition known as myiasis. They are responsible 
for various types of cutaneous, intestinal, urethral 
and auricular myiasis in man and domesticated animals. 
The role of calliphorids in disease transmission and 
parasitism is well documented (Greenberg, 1971,1973; 
James, 1947 and Zumpt, 1965). Blowflies are widely distri-
buted in the tropical and subtropical regions of the 
world. The adults are frequently found around carcasses, 
excrements of man and animals and decaying organic matter 
of fruits and vegetables. Young larvae have the ability 
to receive a freat amount of food, which they gradually 
digest (Zajonc, 1983). Liebisch et^  al. (1983) reported 
that larvae of Lucilia cuprina caused economic damage 
in several flocks in the north and west of the Federal 
Republic of Germany, where the sheep loss reaches upto 
10%. Russo (1930) has estimated a loss of 4 million 
sterlings annually to sheep industry in Australia. The 
Australian sheep blowfly, the most serious pest of sheep 
in Australia costs million of dollars to the industry 
in control measures and loss of production (0*Flynn,1982a). 
In India, the exact nature of damage to livestock is 
not yet known, but the loss may be considerable because 
of poor sanitation in the vast majority of rural areas. 
Keeping in view the common availability of the 
Chrysomya megacephala Fab. and its economic importance, 
the present study has been undertaken to acquire a compre-
hensive knowledge about the biology and reproductive 
system of the pest. 
The Oriental latrine fly, Chrysomya megacephala 
is of common occurrence in India and is prevalent in 
Oriental region as a whole. It may be seen abundantly 
in markets, feeding on meat and sweets. It breeds mainly 
in carrion and also on exposed food stuffs. It is readily 
drawn to dead fish and fish entrails and oviposits in 
these media. Senior-White and his associates (1940) 
stated that, in a sporadic outbreak of cholera, one of 
them recovered faecal organisms in 60% of the flies, 
though none yielded the organism of cholera itself. 
The high incidence of damage by this pest has attracted 
the attention of entomologists. A better knowledge of 
the biology of the species can aid the development of 
more effective control measures. It would appear that 
no single control method could be effective against all 
species because of the major differences in biology between 
them (Papp, 1985). It is, therefore, considered desirable 
to workout the bionomics of the fly in relation to temperature, 
Reiter (1984) has showed that all the developmental stages 
relevant to forensic determination of time of death depended 
on temperature conditions. 
Only little information is available on the reprodu-
ctive system of facultative parasites belonging to the 
family Calliphoridae. However, Avancini and Prado (1986) 
have given an account of the anatomy of female reproductive 
organs of Chrysomya putoria. Most of the studies are 
confined to the morphology of the obligate parasites 
of medical and veterinary importance. Keeping this in 
view, the internal genitalia of both sexes of C. megacephala 
have been studied in detail. These informations shall 
form the basis for deploying effective control measures. 
Histochemical studies have been undertaken to 
workout the functioning of various tissues associated, 
with the oocyte, and the nature of the protein, nucleic 
acids and glycogen present in the ovary of C. megacephala. 
The results could be compared and analysed with the situa-
tions found in other polytrophic ovaries. 
Maturation of oocytes is a complex process involving 
the synthesis of certain metabolites like protein, lipids 
and carbohydrates and their incorporation into the developing 
ovaries. The present study on reproductive physiology 
of C. megacephala in the above context is of special 
interest because it is related to population changes 
of the species. Metabolites like protein, nucleic acids, 
glycogen, phospholipids and cholesterol have been studied 
in the ovaries and haemolymph, as together these tissues 
probably play a central role in the synthesis, storage 
and translocation of these metabolites. In the present 
study efforts have also been made to obtain information 
on the relationship of age, sex and nutrition to the 
reproductive development of C. megacephala. These factors 
responsible for the physiological processes have to be 
understood before one can hope to create a physiological 
imbalance in these processes for the purpose of population 
manipulation. 
The chapters marked with asterisk (*) have been 
completed during the period of M.Phil, but have been 
substantially modified, wherever, appropriate for inclusion 
in the present thesis. 
REVIEW OF LITERATURE 
The Oriental latrine fly, Chrysomya megacephala, 
a member of the family Calliphoridae was originally described 
by Fabricius (1784). It has been a creed of medical 
entomology (Laurance, 1981) that the genus Chrysomya 
is found only in the Old world. But the species Chrysomya 
megacephala is now established in the Americas (Guimaraes 
et al. , 1979 ; Baez £t ^ . , 1981; Prado and Guimaraes, 
1982; Mariluis, 1983 and Baumgartner and Greenberg, 1984). 
Although most species of Calliphoridae oviposit in flesh, 
usually in the bodies of dead animals, some species oviposit 
in the wounds of living ones and are considered to be 
of significance to medical and veterinary entomologists. 
Their predilection for food and faeces, and strong flight 
make blowflies potentially important vectors of some 
causative agents of certain diseases (Chow, 1940; Greenberg, 
1971, 1973; Pinhao, 1984a, 1984b and Lawson and Gemmell, 
1985). The myiasis activity of a few species takes a 
significant toll on domesticated animals and man (James, 
1971; Roy and Dasgupta, 1975; Gupta, 1978; Djalayer e^ 
al. , 1978; Sharan and Isser, 1978; Ramalingam e_t al. , 
1980; Erzinclioglu and Whiteombe, 1983; Richard and Gerrish, 
1983; Bauch et^  al. , 1984; Greenberg, 1984; Vellayan 
et al.,1984; Al-Khalidi and Shareef, 1985; Khan and Khan, 
1985; Yi et al. , 1985; Minar et al. , 1986; Rapuoda et al. , 
1986 and Abram and Froimson, 1987). They are usually 
found around carcasses, decomposing organic matters and 
are facultatively parasitic in wounds of animals. 
Roy and Brown (1970) showed that larvae of certain 
species including C. megacephala whose maggots attack 
only dead tissues can be advantageously employed in the 
treatment of surgical conditions, such as cellulitis, 
osteomyelitis etc. The blowflies also occur on salmon 
carcasses and juvenile salmons. Trouts utilize them 
as food (Johnson and Ringler, 1979). Chrysomya nigripes 
is potentially very useful in forensic investigation 
due to its abundance in carrion (O'Flynn, 1983). Kuusela 
(1984) emphasised the suitability of carrion flies for 
field experiments on reproductive behaviour. Braack 
(1986) demonstrated that the c'alliphorids, Chrysomya 
albiceps and Chrysomya marginalis were found to be important 
determinants of community structure owing to the dominance 
of larvae using soft tissues. Arthropods are thus capable 
of reducing a medium size carcass to keratinous remains 
without the aid of vertebrate scavangers. 
Various workers have studied the reproductive 
biology of Diptera of medical and veterinary importance. 
Colwell and Shorey (1975) in Musca domestica, Sharma 
(1975) in Sarcophaga ruf icornis, Adham £t al.. (1980) 
in Parasarcophaga argyrostoma and Crystal (1983) in Phormia 
regina have observed the mode of copulation. Campan 
(1982) in his study on the development of sexual behaviour 
in Calliphora vomit or ia reported that age of the flies 
was a necessary but insufficient condition for successful 
courtship and copulation. In Phormia regina, mating 
was correlated with the stage of the ovarian development 
(Crystal, 1983). Mating is, however, considered to 
be an essential stimulus for oviposition. Ovulation 
can proceed independent of fertilization (Roy and Siddons, 
1939). Sharma (1975) demonstrated that copulation generally 
occurred during day light. Light has no effect on the 
number of female mated (Adham and Hassan, 1979), however, 
its absence had adverse effect on mating by males (Adham 
et al., 1980). A high protein diet is necessary for 
the formation of eggs as has been demonstrated by a 
number of observers, e.g., Roubaud (1922) in Musca domestica. 
Cousin (1929) in Lucilia sericata and Mathis (1937) 
in L. cuprina. Mackerras (1933) showed that a diet 
of protein is necessary for the maturation of ova but 
the same was not true for spermatozoa. The same fact 
holds good in Chrysomya rufifacies (Roy and Siddons, 
1939). They found that spermatozoa can be detected 
in males immediately after emergence. Stoffolano (1974) 
reported that protein is important constituent in the 
diet of non-diapausing males and females as well as 
in the development of accessory reproductive glands. 
Spradbery (1979) studied the diel pattern of 
oviposition by adult females of Chrysomya bezziana and 
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observed that most oviposition occurred within 2-3 hours 
preceding dusk. He also observed that egg masses exposed 
to solar radiations suffered significant casuality after 
24 hours, demonstrating a selective advantage in the 
timing of oviposition. Saunder (1916) reported that 
flies could not oviposit on dry meat. Mackerras (1933) 
found that the number of eggs produced by a fly at 
one time is dependent on its size and thus on the amount 
of food it obtained in the larval stage. 
The physical environmental factors, temperature 
and moisture have decidedly the most potent influence 
on the life activities of all insects. The hatching 
mechanism of eggs of muscoid flies has been studied 
by Davies (1950), it was observed that the phenomenon 
was greatly dependent on moisture conditions. 
The effect of temperature on the pre-adult stages 
of Lucilia sericata and Lucilia cuprina has been studied 
by Ash and Greenberg (1975). It was found that median 
time from the hatching of the eggs to the adult stage 
for Lucilia sericata was 53.9 days at 19 °C, 13.5 days 
at 27''C and 11.3 days at 35 °C. For Lucilia cuprina 
the corresponding durations were 30.3, 12.8 and 10.8 
days, respectively. 
Sutherland (1979) observed the effect of temperature 
on the adults, eggs and pupae of Stomoxys calcitrans 
and observed that adults could only live and reproduce 
to their full capacity at 20-30°C. Females laid no 
eggs at 15°C, and at SS^C the adult life span was relatively 
shorter and the reproductive capacity of the females 
was low. The temperature of 45 "C was lethal to eggs. 
The optimum temperature for incubation of eggs was 30°C. 
Tests showed that pupal mortality increased linearly 
with increasing periods of exposure to 15°C. Further, 
he concluded that short term changes from the optimum 
temperature in the field would kill only a proportion 
of the pupae present, depending on the duration and 
intensity of the temperature range. 
Greenberg and Szyska (1984) studied the immature 
stages and biology of about 15 species of Peruvian Calliph-
orids. Adults of Chrysomya chloropyga putoria laid 
two batches of 150 and 200 eggs on fish. Eggs hatched 
in 15.5 hours. Developmental times for the first and 
second instars were 16.3 and 23.5 hours, respectively. 
Durations of third instar/prepupa and pupal stages were 
86 hours and 4 days, respectively. This species had 
the fastest developmental rate of all blowflies reared, 
with a minimum egg to adult interval of 9.5 days. 
Yian and Weng (1985) made observations on the 
biology of Chrysomya bezziana. At 25-30"C, there were 
7-8 generations a year. The life cycle from egg to adult 
10 
lasted 15-30 days. Mating began 3 days after emergence. 
Females laid a total of about 201-398 eggs each during 
3 different oviposition periods. Adult life span lasted 
16-51 days being longer for females than males. 
Schmidt and Kunz (1985) showed that males of 
Chrysomya rufifacies began mating when 2 days old and 
mated with 6-7 females within 5 days. Females began 
mating when 2 days old and started ovipositing on day 
5 or 6, The life cycle from egg to adult lasted about 
14 days. 
Khole (1979) studied the relationship between 
size and corresponding duration of development and 
differentiation was observed during studies of several 
species of Calliphoridae. It was observed that all 
other species (Lucilia cuprina, Chrysomya megacephala) 
have higher metabolic rates per unit weight, these 
species had faster growth rate and completed their 
life cycles earlier than the larger species (Chrysomya 
rufifacies and Parasarcophaga ruficornis) which had 
a delayed developmental process and lower levels of 
metabolism. 
Levot et^ al. (1979) determined the competitive 
abilities of calliphorid and sarcophagid flies and 
found that relative success of each species depend 
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to a great extent on the ability of the larvae to attain 
minimum weight for viable pupation. They observed 
that Calliphora vicina; Calliphora augur; Chrysomya 
megacephala and Chryomya rufifacies have highest assimila-
tory rate during the period of most rapid growth and 
these species were best adapted to pupation at low 
larval weight, which suggests that their food requirements 
for successful pupation are less than those of other 
species. 
Das et^  al. (1978) studied the diurnal activity 
of C. megacephala in Calcutta, India. They found that 
activity increased as the temperature increased and 
relative humidity decreased. The c:alliphorid showed 
a bimodal flight curve in summer and a unimodal curve 
in winter. Flight periodicity has also been influenced 
by the light intensity. The diurnal activity was also 
studied by Das et^ al. (1979) in Chrysomya rufifacies 
and Sucharit and Tumrasvin (1981) in Musca domestica 
and Chrysomya megacephala. 
Khole (1978) observed the sex-ratio of Chrysomya 
ruficacies, Sarcophaga ruficornis, Lucilia cuprina 
and Chrysomya megacephala and found that sex ratio 
remain at 1:1 in all emerged ddults, whether or not 
early pupation had occurred. Das and Dasgupta (1982) 
studied the sex ratio of blowflies in Calcutta. It 
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was observed that almost equal number of males and 
females of C. megacephala were trapped with ripe jack 
fruit and ripe mango, this probably reflects the actual 
sex ratio in these species. However, more females 
than males of both species were caught with fish and 
meat baits. Raw fish and meat are important breeding 
media for flies and therefore attract large number 
of ovipositing females. 
Devaney and Garcia (1975) studied the longevity, 
oviposition and fertility of the screwworm fly, Cochliomyia 
hominivorax and observed that strains that had been 
laboratory adapted for a long time had shorter life 
spans and required less time to oviposit after stimulation 
and produce more egg masses containing large number 
of eggs that had a higher percentage of hatching than 
the recently colonized strains. 
Kabir and Quayum (1982) recorded the effect 
of food on the development and longevity of Calliphora 
erythrocephala and it was observed that adult male 
and female life spans averaged 7.4 7 and 8.53 days, 
respectively, when they were provided with rotten meat 
and 7.56 and 8.3 days on kitchen refuse. When adult 
flies were provided with milk and sugar solution, the 
average life span increased to 42.06 days in case of 
males and 47.1 days in case of females. Russo (1930) 
13 
studied the succession of several species of blowflies 
in carcasses and also determined their relative importance 
in attacking sheep. Lucilia sericata was found to 
be the most serious pest and could invade the host 
during early stages of decomposition of meat after 
its death. Other species in order of their ability 
to invade host tissues are Calliphora stygia; Calliphora 
augur and Chrysomyia rufifacies. Considerable fluctuations 
in the population density of different species at different 
times of the year were observed which indicated that 
variations could be due to the effects of environmental 
factors on the decomposition of carcasses. Thus during 
winter when decomposition was slow, Calliphora stygia 
developed normally. Spring and autumn conditions were 
favourable for Lucilia sericata while summer season 
was condusive to the development of Chrysomyia rufifacies. 
The literature pertaining to the reproductive 
system of dipterous insects in general is quite rich 
but regarding the insects of medical and veterinary 
importance is meagre. 
Various workers have given accounts of morphology 
of reproductive organs in dipteran insects (Christophers, 
1901, 1923; Keuchenius, 1913; Hewitt, 1914; Lomen, 
1914; Miyake, 1919; Nonidez, 1920; Friele, 1930; Kobayashi, 
1934; Dean, 1935; Snodgrass, 1935; Hanna, 1939; Miller, 
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1950; Holingsworth, 1960; Nayar, 1965; Wigglesworth, 
1965; Koch and King, 1966 and Tobe and Davey, 1972). 
The pioneering work of Graham-Smith (1938) on Calliphora 
erythrocephala became available to the present worker 
only at the close of the study. Thomsen (1943) examined 
the reproductive system of Calliphora vicina R.-D. 
The internal reproductive system of the adult female 
of Drosophila melanogaster has been studied by King 
et al. (1968). Zaka-ur-Rab (1971) gave a comprehensive 
account of reproductive organs of Dacus cucurbitae. 
Clift and McDonald (1973) have worked out the morphology 
of reproductive organs of Lucilia cuprina and also 
evolved a method for determining the age of the adults. 
Klostermeyer and Anderson (1976) have observed the 
anatomy, histology and post-larval development of the 
reproductive system of the sugarbeet root maggot, Tetanops 
myopaeformis. The reproductive system and terminalia 
of the Old world screwworm fly, Chrysomya bezziana 
have been observed by Spradbery and Sands (1976). An 
account of female reproductive system of the cattle 
fly, Hippobosca maculata has been given by Ansari and 
Murad (1981). The morphology of the internal reproductive 
system of female Corethrella has been described by 
McKeever (1985). Perich et^  al. (1985) have described 
the anatomy and histology of the female reproductive 
system of Tabanus abactor. Avancini and Parado (1986) 
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gave a brief account of female reproductive organs 
of Chrysomya putoria. Jamil (1986) has also contributed 
to the anatomy of reproductive system of Chrysomya 
rufifacies. 
The process of oogenesis has been described 
by various workers (Cummings and King, 1969; Vogt et^  al. , 
1974; Rizzo and King, 1977; Adams and Reinecke, 1979; 
Beattie and Cheney, 1979; Verma and Ishikawa, 1984; 
Benner, 1985; Avancini and Prado, 1986 and Pollard 
et al., 1986) . 
Meola et^ £l. (1977) have described that the 
cells of the follicular epithelium of the ovariole 
of the mosquito, Aedes aegypti and of the stable fly, 
Stomoxys calcitrans have been found to be interconnected 
by cytoplasmic bridges. The role of the follicular 
epithelium during ovarian growth in different insects 
has been discussed by many workers (Quattropani and 
Anderson, 1969; Telfer, 1979; Kimber, 1980; Huebner 
and Injeyan, 1981; Junquera, 1983; Huebner, 1984; Giorgi 
and Mazzini, 1984 and Mazzini and Giorgi, 1984, 1985,1986,* 
Ananthakrishnan, 1988a, 1988b). Pollard et al. (1986) 
discussed oogenesis in Culex theileri in relation to 
feeding. 
The number of ovarioles per ovary varies and 
within the individuals it varies between the left and 
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right ovary (Whitman and Loher, 1984). The most significant 
role of the spermathecae seems to assume the transmission 
of the sperm stimulus to the brain; they probably also 
improve the survival capacities of sperm (Bouletreau-
Merle, 1977). Happ (1984) gave a general description 
of accessory glands and observed that accessory glands 
are usually surrounded by muscles which provide the 
thrust for ejaculation. In Schistocerca, Anagasta, Calpodes, 
Glossina and Tenebrio, atleast 5-10 kinds of secretory 
cells are present, each of which has a product of charact-
eristic morphology. The non-homologous reproductive 
organs between sexes became to have a structural correla-
tion along with the evolutionary process due to a selection 
for the size of the sperm (Hihara and Kurokawa, 1987). 
Casperson (1947) and Brachet (1947) called attention 
towards the correlation between ribonucleic acid content 
of a cell and its protein synthesizing capacity. In 
1952 Schrader and Leuchtenberger published an important 
paper dealing primarily with the cytology and DNA contribu-
tions of the apical trophocytes of certain coreids. 
Bonhag (1955a) made histochemical studies of the ovarian 
nurse tissues and oocytes of the milkweed bug, Oncopeltus 
fasciatus. The importance of Bonhag's contribution is 
well established. The origin and distribution of periodic 
acid- Schiff positive substances in the oocyte of the 
earwig, Anisolabis maritima has been studied by Bonhag 
(1956). Kugler ejt al. (1956) worked on the localization 
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of glycogen and nucleic acids in the female reproductive 
organs of the cockroach, Periplaneta americana and showed 
the absence of glycogen in the ovary proper. A morpholo-
gical and histochemical study of oogenesis has been 
made by Krainska (1961) in the gall fly, Cynips folii. 
He reported that the oocyte remains connected with the 
nurse cells by a strand of cytoplasm, the whole group 
acts as a physiological unit till the completion of 
vitellogenesis. He further showed the synthesis of RNA 
in the nurse cells. Lusis (1963) studied the histochemistry 
of development and resorption in the terminal oocytes 
of the desert locust, Schistocerca gregaria. It was 
noted that during vitellogenesis the follicular cells 
play an active part in the synthesis of yolk. Vanderberg 
(1963) in Rhodnius prolixus and Hopkins and King (1966) 
in Bombus terrestris made studies during vitellogenesis. 
Aggarwal (1967) in Callosobruchus analis reported 
the absence of any contribution to the oocyte by the 
trophic tissue. The circumstantial evidence points towards 
a contribution of the raw materials to the oocyte by 
the haemolymph either through or in between the follicular 
epithelium in some soluble form as submicroscopic particles. 
In ciecropia moth ovaries, the synthesis and time 
of RNA synthesis has been studied by Pollack and Telfer 
(1969). Their reports are in contrast to the above observ-
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ations which showed that nurse cells are the most conspi-
cuous source of oocyte RNA. 
Sweeny et^  al. (1970) and Schreiner (1977a, 1977b) 
in Lytta nuttali and Oncopeltus sp., respectively made 
studies during vitellogenesis. Cave and Allen (1974) 
have observed the nuclear DNA in oocytes of crickets. 
Tripathi and Chaudhry (1979,1981) in Sarcophaga ruficornis 
and Shukla and Singh (1982) in Chrysomya megacephala 
have studied the histopathological effect of chemosteri-
lants on the different constituents of ovarian tissues. 
Orr (1964b) described the fat body and ovaries 
during egg development in chemical terms. Thomas and 
Nation (1966b) reported decrease in body levels of proteins 
and decreased synthesis of tissue protein which may 
be a consequence of a decrease in RNA synthesis. The 
possible correlation of these changes in protein and 
RNA metabolism with the gonadal cycle in female Periplaneta 
americana is consistent with the view held by some workers 
that the corpus allatum hormone controls ovarian and 
egg development by regulating protein metabolism. Burton 
et al. (1972) reported a higher concentration of haemolymph 
protein in corn earworm, which they attributed to differ-
ences in larval age, diet, growth conditions and experi-
mental error. Ring (1973) determined the protein, RNA 
and DNA in the blowfly, Lucilia sericata throughout 
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.all stages of normal development. He showed that protein 
levels remain relatively high and constant during adult 
life to senescence. Buhlmann (1976) observed an increase 
in ovarian dry weight during the period of egg maturation 
of Nauphoeta cinerea. This is mainly due to the incorporation 
of vitellogenin into the oocytes. Handel's (1976) work 
on Aedes atropalpus shows that gradual accumulation of 
protein and triglyceride in the maturing eggs could be 
entirely accounted for by the gradual disappearance of 
protein and lipid from the abdomen (fat body). 
The studies of Benozzati and Basile (1978) on protein 
composition and synthesis in the ovary of Rhynchosciara 
americana reveal that yolk deposition seems to involve 
2 kinds of mechanism the incorporation of protein from 
haemolymph, as suggested by the corresponding electrophoretic 
patterns detected for fertilized eggs, ovary and haemolymph, 
and the synthesis by the ovary itself, mainly during the 
adult stage. Sifat and Khan (1983) in Dysdercus cingulatus 
elucidates the earlier observations of Sifat and Khan 
(1974) that in this species total protein concentraion 
of the ovaries varies in relation to maturation and oviposi-
tion of the eggs. The work of Oliveira e^ al. (1986) on 
Rhodnius prolixus showed that the ability of oocytes to 
take up yolk protein at different stages of development 
increases with their size upto the time of chorion formation. 
Peferoen and de Loof (1986) found that the contribution 
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of ovarian tissue to yolk protein production is very small, 
the major site of synthesis of the three yolk proteins 
being the fat body. Some higher Diptera forms an exception, 
in the sense that the ovarian follicles are an additional 
source of vitellogenin production (Brennan et a].., 1982). 
Valle et al. (1987) observed that the blood source can 
influence the metabolism of Rhodnius prolixus. 
Wyatt (1961) worked out the biochemistry of insect 
haemolymph. Orr (1964a) and Slama (1964) observed the 
protein concentration of haemolymph in Phormia regina 
and Pyrrhocoris apterus, respectively. Nielsen and Mills 
(1968) demonstrated that the concentration of blood proteins 
in Periplaneta americana exhibit a cyclic nature. A rise 
and fall in blood proteins during ovarian development 
has also been suggested for Hyalophora cecropia (Telfer, 
1960), Schistocerca gregaria (Hill, 1962), Calliphora 
erythrocephala (Bier, 1962) and Panorpa communis (Ramamurty, 
1964). The relationship between oocyte proteins and haemol-
ymph proteins has been studied by a number of workers 
(Wigglesworth, 1964; Telfer, 1965). Proteins are taken 
up by the oocytes without any alteration in its chemical 
nature. More conclusive proof of this phenomenon has been 
offered by Telfer (1954) who found immunologically identical 
proteins in both the haemolymph and oocyte of Hyalophora. 
Telfer and Rutberg (1960) were able to demonstrate the 
reduction in growth of oocyte in the cecropia moth to 
21 
be due to the decline in two haemolymph proteins. Numerous 
investigations have been carried out on proteins in the 
haemolymph of insects and the data have been reviewed 
(Buck, 1953; Gilmour, 1961; Chen, 1966; de Loof and de 
Wilde, 1970; Chippendale, 1970; Chippendale and Kilby, 
1970; Cruickshank, 1971; Gavin and Williamson, 1976; Firling, 
1977 and Ferenz, 1978). 
Kulkarni and Mehrotra (1970) observed depletion 
in the haemolymph proteins during the first 3 days of 
adult life, protein synthesis and turnover are at their 
lowest during this period. Prabhu and Hema (1970) worked 
out the difference between male and female insects and 
reported that the difference is due to the absence of 
ovaries in the male, which in the female utilize the avai-
lable protein from the haemolymph. Elliott and Gillott 
(1979) showed that fat body proteins have been sequestered 
from the haemolymph. In Melanoplus differentialis, quantita-
tive changes in the protein content of the fat body and 
haemolymph during each gonotrophic period suggest that 
extraovarian protein plays an important role in oocyte 
development (Elliott and Gillott, 1977,1978). Zaidi and 
Khan (1979) in Dysdercus cingulatus concluded that the 
level of haemolymph proteins is related with age as well 
as maturation of the adults. Pathak ejt al. (1985) reported 
that oocytes show a very rapid increase in their size 
in the course of next two days while the haemolymph protein 
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concentration shows a clear drop. Similar variations in 
the haemolymph protein concentration related to the male 
and female reproductive cycle have been observed in Bombyx 
mori (Shigematsu, 19 58) and Locusta (Tobe and Loughton, 
1967). Agui et^  al. (1985) showed the developmental change 
in total protein content of the haemolymph. The amount 
of haemolymph proteins decreased during the previtellogenic 
phase than increased during vitellogenesis and declined 
again in post-vitellogenic phase. Jonathan (1986) showed 
an increase in the haemolymph protein concentration means 
a decrease in the amino acid concentration. 
For blowflies it has been known for sometime that 
ingestion of a suitable protein in adequate quantity is 
essential for the maturation of eggs (Mackerras, 1933 
and Evans, 1935). The availability and uptake of water, 
protein and carbohydrate determines not only the longevity 
of Lucilia cuprina but also its capacity to reproduce. 
It is clear, therefore, that females which mature eggs 
in the field must have had access not only to water and 
a suitable protein but also to some suitable carbohydrate 
(Webber, 1957). Orr (1964a) observed that the blowfly, 
Phormia regina did not develop eggs if fed only an aqueous 
sugar. Bodnaryk and Morrison (1966) suggested that an 
adequate protein diet essential for the development of 
housefly ovaries, may operate principally by elevating 
the total protein content or the content of one or more 
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specific fractions in the haemolymph to a level which 
will initiate and start ovarian development. Chen (1966) 
and Engelmann (1970) suggested that nutrition does not 
merely supply the raw materials necessary for yolk synthesis 
but also exerts a fundamental effect on the control system. 
McCaffery (1975) also found that oocyte development is 
not initiated when female Locusta migratoria migratorioides 
fed on poor, low protein diet. This view has also been 
supported by Kirkwood (1976). 
Martignoni and Milstead (1964) observed a decrease 
in protein concentration in the haemolymph of starved 
larvae of Peridroma saucia. Prolonged starvation has severe 
effects on the cells of the fat body of Rhodnius (Wigglesworth, 
1963) and as the fat body is the source of much haemolymph 
protein it was not surprising to find the temporary failure 
of blood protein synthesis in starved insects (Coles, 
1965a). Highnam e_t al. (1966) observed that in immature 
and mature females of Schistocerca gregaria starvation 
retard oocyte growth and resulted in an accumulation of 
material within the neuroendocrine system. Hill and Goldsworthy 
(1970) observed the haemolymph constituents during starvation. 
Mohammed and Murad (1978) determined the total protein 
content in the haemolymph of fed and starved Laccotrephes 
maculatus and showed that protein concentration falls 
gradually in starved ones. Tobe and Chapman (1979) in 
Schistocerca americana gregaria suggested that starvation 
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may decrease the reproductive potential of the females. 
They further showed that the effect of starvation can 
not be entirely reversed by feeding. Lim and Lee (1981) 
showed that haemolymph metabolites are depleted significantly 
in insects denied food for 96 hours. 
Coles {1965b) studied the effect of mating on hormonal 
control of reproduction. Mordue (1965"b) studied the effect 
of mating on the concentration of haemolymph proteins 
in crowded mated and virgin females of different ages 
and found that it is associated with the difference in 
acitivity of the neuroendocrine system in the two groups. 
Watson (1967) reported that reproductive activity in female 
firebrats depends on mating. He further stated that the 
effects of reproduction and growth can be tested by compa-
ring the rates of growth in mated and unmated females. 
Roth (1964) stated that mating and feeding in Nauphoeta 
must influence oocyte growth in synergistical manner. 
There is an extensive literature dealing with the 
effect of mating on egg growth and oviposition in insects 
(Engelmann, 1970; de Wilde and de Loof, 1973b and Barth 
and Lester, 1973). Mundall (1978) studied the effect of 
mating on oviposition and reported that mating at day 
four stimulates egg maturation and oviposition in fed 
and unfed females. Langley and Pimley (1979) reported 
that there is considerable evidence of altered physiology 
associated with mating and which is no doubt under endocrine 
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control. Mundall et^  al. (1981) stated that no yolk deposition 
takes place in virgin females of Diploptera for the first 
several days after adult eclosion. 
Retnakaran and Percy (1985) and Davey (1985) discussed 
the role of mating in different insects. Slansky and Scriber 
(1985) observed that mated, egg laying females generally 
exhibit higher consumption and metabolic rate values compared 
to non-laying (e.g. unmated and starved) females and males. 
The values of these rates show a cyclic pattern throughout 
the female's life, reflecting gonadotrophic cycling (Engelmann, 
1970: de Wilde and de Loof, 1973b; Spradbery and Schweizer, 
1979). 
Mitlin and Cohen (1961) studied the composition 
of ribonucleic acid in the developing housefly ovary and 
showed two-and-a-half fold increase from eclosion to 96 
hours after emergence. Thomas and Nation (1966b) stated 
that the decreased body levels of protein and decreased 
synthesis of tissue proteins may be a consequence of a 
decrease in RNA synthesis. The possible correlation of 
these changes in protein and RNA metabolism with the gonadal 
cycle in female Periplaneta americana is consistent with 
the view held by some workers that the allatum hormone 
controls ovarian and egg development through control of 
protein metabolism. Berry et^ al. (1967) reported that 
regulation of nucleic acid metabolism may depend more 
on the position of the oocyte and associated cells than 
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on the hormonal control. Burr and Hunter (1969) in Drosophila 
melanogaster found that differences in the RNA content 
between male and female insects are related to egg production. 
In saturniid moths, the rate of RNA synthesis differed 
not only between tissues of one developmental stage, but 
also within a given tissue at different developmental 
stages (Berry et^  al. , 1967). Pemrick and Butz (1970b) 
stated that the pattern of fat body RNA synthesis for 
unmated and mated females of Tenebrio molitor followed 
the cyclic pattern of protein synthesis and ovarian develop-
ment (Mordue, 1965a). Chinzei and Tojo (1972) determined 
the levels of nucleic acids in the whole body and several 
organs of silkworm, Bombyx mori and found that during 
the pharate adult development the ovary gained DNA and 
RNA. This is interpreted as reflecting active synthesis 
of protein. The RNA/DNA ratio has extremely high values 
in the eggs, indicating the high degree of synthetic activity 
that takes place during embryogenesis (Ring, 1973). Davenport 
(1975) assumed that there is no transport of newly synthe-
sized RNA out of the follicle cells into the oocytes. 
The synthesis of ribonucleic acid is one of the prominent 
features of the nurse cells in polytrophic, meroistic 
ovarioles (Bier, 1970 and Telfer, 1975). Much of the product 
is destined for storage in the developing oocyte and supports 
synthetic processes in the embryo (Muhlach and Schwalm, 
1977). Bownes and Blair (1986) stated that the nutritional 
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state of the females clearly affects the amount of yolk 
protein RNA present in fat bodies as well as ovaries. 
Krishnakumaran £lt al. (1967) reported that in 
no adult insect did the fat body synthesize DNA but these 
are the hemocytes which synthesize it. 
Nettles and Betz (19 65) observed the glycogen content 
of the boll weevil with respect to age and diet and showed 
that the glycogen concentration was highest in the eggs 
and also in the boll fed than in square fed weevils. The 
changes in the glycogen level are related to several physio-
logical events in the reproductive cycle (Wiens and Gilbert, 
19 67). Norden and Paterson (1969) estimated the glycogen 
content of blowflies and tsetse flies and showed considera-
ble amounts of glycogen in the former. D'Costa and Rice 
(1973) and D* Costa ejt al. (1973) observed approximately 
16-20% glycogen in the tsetse fly and blowfly proventriculus 
and flight muscles. Diptera, such as blowflies are known 
to rely mainly on carbohydrates as a metabolic fuel (Sacktor, 
1965). Blood trehalose and glycogen reserves have been 
shown to be present in the blowfly (Clegg and Evans, 1961 
and Childress e_t al., 1970). Hoglund (1976) reported that 
the glycogen is the sole neutral polysaccharide. In Calliphora 
its principal use is for the formation of chitin, only 
minor amounts being used as an energy source (Crompton 
and Birt, 1967 and Stafford, 1973). 
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Nagabhushanam et^  al. (1983) have reported the changes 
in lipids, glycogen and proteins in Hyalomma anatolicum 
anatolicum during the reproductive cycle. These workers 
observed a definite correlation between these chemical 
constituents and various reproductive stages of the animal. 
Most of the studies on the phospholipid composition 
of insects have been carried out on extracts made from 
the whole insects (Bieber e^ al., 1961; Fast, 1964; Crone 
and Bridges, 1963; Sridhara and Bhat, 1965 and D'Costa 
and Birt, 1966). A few studies have been made on extracts 
of individual organs, such as flight muscles from Hyalophora 
cecropia (Thomas and Gilbert, 1967) and fat body from 
Sarcophaga bullata larva (Allen and Newburgh, 1965). The 
higher proportion found in the fat body and haemolymph 
may mean that the main site of synthesis of the "unnatural" 
phospholipid is in the fat body and it is transformed 
to other tissues via the haemolymph. Castillon et^ al. 
(1971) have observed phosphorus in the eggs. 
Clark and Bloch (1959) have conducted experiments 
which indicate that sterols may play a dual role in insects, 
serving both as structural units and as precursors for 
essential metabolites. Perhaps in the housefly, cholesterol 
is more efficiently utilized than y3-sitosterol in reproduc-
tion, either because it is more readily converted to an 
essential steroid metabolite or because the cholestane 
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analogue of the metabolite has higher biological activity 
(Monroe at al._, 1961). A few studies using insects have 
been made on the distribution of cholesterol among individual 
organs (Casida £t al.., 1957 and Clayton and Edwards, 1961). 
Many species of insects are completely dependent on a 
source of sterol in diet for their metabolic needs. Some 
insects can attain advanced developmental stages on the 
sterol deficient diet by utilizing cholesterol obtained 
either from endogenous sterols in the eggs or from the 
intestinal symbionts (Clayton, 1964 and Gilbert, 1967a). 
Houseflies can not synthesize cholesterol (Dwivedy, 1976). 
Ichimasa (1976) showed increment in the level of cholesterol 
with the ovarian development. Although sterol concentrations 
in the eggs progressively declined with successive oviposi-
tions, hatchability was unaffected. Generally insects 
can use a range of sterols. However, with a few exceptions, 
cholesterol is able to fulfil the sterol requirement of 
all insects (House, 1974). Pathak and Shrivastava (1986) 
reported that the ovary of cockroach appears to be the 
seat of some amount of biosynthesis of cholesterol from 
acetate. 
BIOLOGY 
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Introduction 
Chrysomya. megacephala F. (the Oriental latrine 
fly) is a facultative myiasis producing fly. It is 
widely distributed throughout the Oriental and Australian 
regions. This species was not known in the Americas 
unitl 1975 (Imbiriba £t ai.., 1977 and Guimaraes £t al., 
1978) when it was introduced into Southern Brazil, 
probably coming from Africa (Guimaraes et^  al. , 1980 
and Laurance, 1981). Later this species made its entrance 
into the Central and South America (Guimaraes et^ al., 
1979 ; Baez ejt al. , 1981; Prado and Guimaraes, 
1982; Mariluis, 1983 and Baumgartner and Greenberg, 
1984). 
Chrysomya megacephala is an important member 
of insect fauna of carrion. The adult female oviposits 
in and around the exposed wounds causing severe traumatic 
myiasis in man as well as domesticated animals. The 
parasitization may result in maiming or death of the 
host. However, despite all the calamities caused by 
this fly, comparatively little is known of its biology. 
Subramanian and Mohan (1980) and Prins (1982) have 
given a short account of life history of this pest. 
The absence of detailed observations on this insect 
has necessitated a thorough investigation on the life 
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history of the fly at different temperatures. It is 
likely, that in the near future management of the blowfly 
strike in flocks will depend less on insecticides and 
more on an understanding of the biology of the flies 
concerned and the factors leading to development of 
strikes (O'Flynn, 1982b.). 
Breeding technique 
The adults of Chrysomya megacephala were collected 
from fields of Aligarh. Flies were maintained in the 
laboratory in cages made of fine wire mesh measuring 
I'x I'x 1' in size. They were fed on diluted milk soaked 
in cotton wool to which a mixture of sugar and protinex 
was added. Chopped buffalo meat was provided which 
served as an oviposition medxum. Every morning the 
petridishes containing diluted milk soaked in cotton 
swabs along with chopped meat were changed. Eggs were 
kept in petridishes. Freshly emerged larvae were transfe-
rred to rearing jars 8"x 4" in size, containing chopped 
meat. The jars were covered over with muslin cloth 
so as to prevent the larvae from escaping and also 
to avoid external invasion. Some dry cotton was added 
at a later stage for the larvae to pupate therein. 
The pupae thus formed were sorted out and kept in meshed 
cloth cages. 
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Test methods 
Observations on the biology of C. megacephala 
were made at temperatures of 25"C and 30"C. Six pairs 
of freshly emerged flies were obtained from laboratory 
reared colony. The flies were kept separately in cages 
of size 3"x 3"x 3" and maintained at the desired tempera-
ture in a BOD chamber. Observations were made for the 
incubation period, percentage hatching, larval duration, 
percentage pupation, pupal duration, percentage emergence, 
pre-oviposition, oviposition, post-oviposition periods, 
fecundity, longevity and sex-ratio of adults. The number 
of larval instars were checked by making permanent 
mounts of larval instars. The eggs were ruptured with 
the help of fine needle to study the structure of 
chorion under the microscope. Camera lucida was used 
for drawing figures. The experiment was replicated 
and data were analysed statistically. 
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RESULTS 
Copulation 
Under caged condition mating generally • occurred 
on the sides of the cages. The initiative for copulation 
was taken by the male. Males could be seen walking around 
before mounting the female for mating. The copulation 
normally lasted from 3 to 10 minutes. Mating took place 
at any time of the day and was also observed during 
night. 
The adults were observed copulating after 2 
to 3 days of emergence at 30"C. This period was prolonged 
to 3 to 4 days at 25"C. 
Oviposition 
Blowflies generally breed in carrion and flesh, 
but they are also reported to breed in garbage, decomposing 
amimal matter and fruits. Under laboratory conditions 
the flies readily oviposit below the exposed meat surface. 
The female could be seen thrusting her last abdominal 
segment and inserting it under the meat piece during 
oviposition. The eggs were laid intermittently at intervals 
of 10 seconds and were glued together in batches. The 
number of eggs laid by a single female in her life 
time varied from 604 to 687 at 25*'C and 675 to 805 
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at 30°C. The mean number of eggs laid were 642 +_ 11.59 
and 758 j|^  12.81 at 25''C and 30''C, respectively (Table 1). 
Eggs were laid intermittently with a gap of 2 to 8 
days between two successive layings and most of the 
eggs were laid during the first fortnight of the oviposi-
tion period. It was noticed that in mass rearing the 
oviposition by a fly at a certain point induced other 
flies to oviposit at the same spot as egg clusters 
containing thousands of eggs were detected from cages. 
The pre-oviposition period was found to vary from 4 
to 6 days with an average of 4.7 +^ 0.25 days at 30''C. 
With the decrease in temperature to 25 °C the duration 
of pre-oviposition time was increased to 6.66-8.0 days, 
the average of 7.27 +_ 0.61 days. Oviposition period 
ranged from 37.5 to 44.3 days with an average of 40.74-1.24 
days at 25"C. While at 30"C this period was reduced 
to 22.0 to 37.0 days with an average of 28.0 _+ 1.32 
days. The post- oviposition period varied from 18.0 
to 26.6 days at 25 °C and 16.0 to 28.0 days at 30 "C. 
The average being 24.7 +_ 1.35 and 22.2 +^ 1.24 days 
at 25"C and 30°C, respectively (Table 1, Fig. 14). 
Pre-imaginal stages 
Egg stage (Figs. 2 & 3):-
The freshly laid eggs are yellowish white in 
colour, which turn to off white; elongate, oval in 
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shape tapering anteriorly. Eggs measure from 1.52 to 
1.58 mm in length, the average being 1.54 +_ 0.01 and 
0.34 to 0.40 mm in width, the average being 0.37 JHO.01 
rnn. The egg is marked with longitudinal lines running 
parallel to each other along the whole length of the 
dorsal surface. The chorion is thick exhibiting conspicuous 
pattern of hexagonal ridges except in the region of 
the hatching line and the micropyle. Later it becomes 
transparent and the black coloured cephalic skeleton 
of the developing larva coul<^ lDe observed through the 
egg chorion. The incubation period was found to vary 
from 18.0 to 20.0 hours with an average of 19.16 +_ 
0.3 hours at 25"C, whereas with increasing temperature 
the incubation period was reduced to 11.2 to 12.6 hours 
with an average of 11.9 +_ 0.14 hours at 30 °C (Table 1, 
Fig. 13). The percentage hatching was found to vary 
from 73.5 to 92.0 with mean percentage hatching of 
80.7 _+ 3.13 at 25"'C. The hatching rate showed an increase 
with the increase in temperature to 30"C. The percent 
hatching varied from 86.5 to 94.6. The average hatching 
was found to be 91.1 j+ 0.78 percent (Table 1). 
The fully developed embryo prior to hatching 
was found exhibiting slight movement within the chorion. 
At this stage the egg becomes transparent and the 
eclosion takes place by the rupture of the anterior 
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end. The larva wriggles out of the shell through this 
opening. The entire process of eclosion takes 3-4 minutes. 
Larval stages :-
The newly hatched larvae generally feed superfic-
ially on the meat. But after few hours they burrow 
into the breeding medium confining themselves to the 
upper strata of the meat. During feeding the posterior 
spiracles are generally directed towards the upper 
surface. When fully developed, the larvae leave the 
feeding medium and move to dark and dry place for pupation, 
In the present study 3 larval instars have been recorded 
in C. megacephala. The larval duration was found to 
vary from 124 to 134 hours with an average of 131.3+_1.54 
hours at 25 "C and 96.2 to 101.1 hours with an average 
of 97.96 jf 0.47 hours at SO'C (Table 1). The percentage 
pupation varied from 64.9 to 78.4 (average, 71.62 +_ 2.22) 
at 25*'C as against 70.93 to 87.5 (average, 79.26 _+ 1.61) 
at 30°C (Table 1). It shows that with the increase 
in temperature the rate of development is accelerated. 
The rate of pupation is also increased accordingly. 
First instar larva (Figs. 4 & 5):-
The newly hatched larvae are of yellowish white 
colour, elongate coniform, gradually broadening from 
anterior to posterior end. The metapneustic larvae 
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lack a n t e r i o r p a i r of s p i r a c l e s which d i s t i n g u i s h 
them from the second i n s t a r . Each p o s t e r i o r p a i r of 
spiracles is farmed of two elongated sHts, but a peritreme 
is absent. At the segmental junctions the larvae are provided 
with a belt of backwardly projecting spines, which help in 
the progression of the Jarvae. Cephalopharyngeal skeleton is 
simple and unsuitable for making any appreciable dent in the 
intact meat and therefore, the 1st instar iarvae mostly depend 
on liquid protein. The Jarvae measure 1.58 to 3.15 mm in length 
(average , 2.44 _+ 0.31) and 0.31 t o 0.62 mm in width 
(average , 0.51 +_ 0 . 0 5 ) . The du ra t ion of f i r s t i n s t a r 
l a r v a e va r i ed from 24.0 to 27.0 hours (average , 26.0 
+_ 0.45) a t 25'C while a t 30"C the du ra t ion was decreased 
to 15.2 to 17.2 hours (average , 16.0 +_ 0.22) (Table 
1, F ig . 13) . 
Second ins tar larva ( F i g s . 6,7 & 8 ) i -
The second i n s t a r l a rvae a re somewhat creamy 
whi te in co lour and a re amphipneust ic . The a n t e r i o r 
s p i r a c l e s are loca ted a t the p o s t e r i o r end of the second 
segment . Each s p i r a c l e has 12 p a p i l l a e ar ranged in 
a s i n g l e row. P o s t e r i o r s p i r a c l e s a re ye l lowish in 
co lour placed in a deep c a v i t y j u s t above the ana l 
opening. Each s p i r a c l e has two e longated s p i r a c u l a r 
s l i t s . The i n n e r - p r o j e c t i o n of pe r i t r eme i s weakly 
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developed and the button is wanting. Cephalopharyngeal 
skeleton is better developed than that of the first 
instar. The dentes are not fully sclerotized, but they 
can feed voraciously on meat. The second instar larvae 
measure from 3.26 to 7.08 mm in length (average, 5.36jt^ 0.68) 
and 0.59 to 1.02 mm in width (average, 0.85HH0.11). 
The second instar larvae transformed into third 
instar in 24 to 25 hours with an average period of 
24.16^ 0^.16 hours at 25*'C, and 15.6 to 18.3 hours with 
a mean duration of 17.2+^ 0.3 hours at 30 "C (Table 1, 
Fig. 13). It shows that temperature accelerates the 
rate of development and duration is curtailed. 
Third instar larva (Figs.9,10 & 11):-
The third instar larvae are of creamy white 
colour. Backwardly directed small spines could be observed 
from segments 2 to 11. The larvae are amphipneustic. 
Anterior spiracles are fairly prominent and broad having 
15 branches. Posterior spiracles are large, sunken 
in a deep caudal cavity. Each spiracle consists of 
three spiracular slits. Peritreme is thick and sclerotized 
opening on the ventromesal area. The inner projection 
of the peritreme is well developed and the button is 
absent. The cephalopharyngeal skeleton is fully developed. 
The dentes on the mandibular sclerites are also well 
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developed and completely sclerotized. Fully fed larvae 
after having attained their maximum size, stop feeding 
and start searching for a suitable place for pupation. 
This is called prepupal stage. The third instar larvae 
vary from 8.6 to> 13.0 mm in length (average, 10.7 +_ 0.78) 
and 1.8 to 3.6 mm in width (average, 2.66 +_ 0.33). 
The third instar larvae took 73 to 85 and 61.6 
to 68.0 hours to complete their development at 25 "C and 
30"C, respectively. The average duration was found to 
be 81.16 +_ 1.78 and 64.6 +_ 0.65 hours at 25"'C and 30''C, 
respectively (Table 1, Fig. 13). Here again, increase 
in temperature accelerates the rate of development. 
Pupal stage (Fig. 12):-
The outer covering of the prepupa hardens to 
form a brown, barrel shaped puparium. The pupae measure 
from 7.5 to 9.5 mm in length (average, 8.58 +_ 0.36) and 
2.7 to 3.6 mm in width (average, 3.16 +_ 0.17). Two anterior 
pupal spiracles are short stalked and located dorsolatera-
lly at the junction of the first and second abdominal 
segments. The posterior spiracles unlike the anterior 
stalked spiracles are sunken in a deep cavity. 
Pupal duration varied from 118.0 to 132.0 hours 
at 25°C. The average was found to be 126.25 + 1.88 hours. 
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While at SCC the pupal period lasted 106.5 to 120.2 
hours with an average of 114.6 +_ 1.64 hours (Table 1, 
Fig. 13). It shows that temperature has pronounced effect 
on the pupal duration as well. 
Adult 
The adult flies (Fig. 1) emerge out by breaking 
open the puparia. The rupture of the pupal moult is along 
the dorsal line of the thorax which provide a passage 
for adult to emerge out. The percentage emergence varied 
from 61.16 to 72.70 with mean of 65.9 +_ 1.92 at 25°C 
and 64.37 to 81.58 with an average of 72.33 +_ 1.97 at 
30°C (Table 1). 
Body of the newly emerged fly is soft and greyish 
in colour. In a brief period of time, the wings become 
fully stretched, the cuticle hardens and attains its 
normal colour, texture and pattern. Adults generally 
measure 10.0 to 12.0 mm in length, the average was found 
to be 10.8 +_ 0.37 mm. The size is, however, dependent 
upon the nutrition during its larval development. 
Chrysomya megacephala may be distinguished from 
other members of the family by the presence of serial 
hairs on the posterior side of the stem vein of the wing 
and the presence of fine hairs on some portion of the 
upper surface of the lower calyptra. 
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The stoutly built flies are greenish blue with 
purple reflections. Both sexes bear two narrow, linear 
black stripes on the anterior thorax and a small black 
triangle situated in a posteromedial position with respect 
to humeral callus. The first visible segment of the abdomen 
is black, while the second and third segments are black 
banded. Sternites and edges of tergites are provided 
with inconspicuous golden hairs. Males may be distinguished 
easily from females on the basis of the eyes which are 
holoptic and facets of upper two thirds, greatly enlarged 
and sharply demarcated from small facets of lower third. 
In female, eyes are separated by one quarter total width 
of head, facets uniformly small. Wings are hyaline, slightly 
darkened at base. 
Longevity of the adults 
The longevity of both the sexes is affected by 
the variation in temperature. The longevity of males 
is recorded as 52 to 59 days with an average of 55.98+^ 
1.16 days at 25 °C whereas 39 to 55 days with an average 
of 46.9 +_ 1.76 days at SO'C. Female longevity is recorded 
as 69.6 to 77.6 days with an average of 72.7 _+ 1.15 days 
at 25°C and 50 to 65 days with an average of 54.9 +_ 1.60 
days at SCC (Table 1, Fig. 14). In either case the females 
lived longer than the males. 
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Sex ratio 
The ratio between the sexes of C. megacephala 
is determined by examining the flies, that emerged 
in the laboratory. The males outnumbered the females 
at see, the ratio was 55:45 while at 25°C it ' was 
almost equal. 
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Fig. 1. Adult female (dorsal view). Scale bar 
2.7 mm. 
Fig. 2. An egg. Scale bar = 900 pm. 
Fig. 3. A magnified portion of the chorion of 
an egg. Scale bar = 50 ;jm. 
Fig.1 
Fig.2 Fig.3 
Fig. 4. First instar larva (lateral view). Scale 
bar = 2.2 mm. 
Fig. 5. Posterior spiracles of first instar larva 
(dorsal view). Scale bar = 50 ;jm. 
Fig. 6- Second instar larva (lateral view). Scale 
bar = 3.6 mm. 
Fig. 7. Anterior spiracle of second instar larva, 
Scale bar = 60 ;Lim. 
Fig. 8. Posterior spiracles of second instar larva 
(Dorsal view). Scale bar = 100 ^m. 
Fig.4 F ig.5 
Fig.6 
Fig,7 
Fig. 8 
Fig. 9. Third instar larva (lateral view). Scale 
bar = 4.5 mm. 
Fig. 10. Anterior spiracle of third instar larva. 
Scale bar = 200 pm. 
Fig. 11. Posterior spiracles of third instar larva 
(dorsal view). Scale bar = 200 pm. 
Fig. 12. Pupa (lateral view). Scale bar = 3.6 mm. 
;if S I :^ ft 
Fig.10 
Fig.9 
Fig.11 
Fig.12 
Fig. 13. Duration of different stages at 25° and 
SO'C. 
Fig. 14. Duration of pre-, oviposition and post-
oviposition periods and longevity of male 
and female flies. 
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Discussion 
The blowfly, Chrysomya megacephala is an important 
member of insect fauna of carrion and may cause myiasis 
in man as well as domesticated animals. This species 
is responsible for heavy economic losses to agriculturists 
and veterinarians. It is also associated with the 
prevalence of pathogens of enteric diseases (Furlanetto 
et al., 1984) . 
Mating is considered to be an essential stimulus 
for oviposition (Adham and Hassan, 1979). Temperature 
was found to have a pronounced effect on the duration 
of mating. The adults of C. megacephala copulated 
2 to 3 days after emergence at 30 "C while this period 
was prolonged to 3 to 4 days at 25 °C. In Chrysomya 
bezziana, mating began 3 days after emergence at 25° 
to 30''C (Yian and Weng, 1985). Adham and Hassan (1979) 
observed that males of C. albiceps mated after 2 days 
while females were receptive after a day. The optimum 
age was 4 to 5 days and one male could inseminate 
3 to 5 females in a period of 24 hours. 
Temperature has direct effect on all biological 
activities specially on the development. Evidences 
suggest that blowflies prefer diffused light for oviposi-
tion. In the present work it has been found that the 
flies mostly oviposit after dusk which conforms with 
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the findings in Chrysomyia macellaria (Dunn, 1918) and 
Chrysomyia rufifacies (Roy and Siddons, 1939). Spradbery 
(1979) has reported that in the females of Chrysomya 
bezziana majority of eggs were deposited within 2-3 
hours preceding dusk. He further observed that significant 
mortality occurred when egg masses were exposed to solar 
radiation after 24 hour, demonstrating a selective advantage 
in the timing of oviposition. 
Chrysomya generally deposit its eggs in the 
excrement and open wounds of man and animals, decaying 
flesh, carcasses and decomposing organic matters. Little 
or no precise data exist concerning the pre-oviposition, 
oviposition and post-oviposition periods and the fecundity 
of C. megacephala. Roy and Siddons (1939) reported 
that the average number of eggs deposited by a famale 
of Chrysomyia rufifacies in the first batch was about 
210, however, it may lay as many eis 386 eggs. 
Temperature has direct relationship with fecundity. 
In the present study it has been recorded that the average 
number of eggs laid by a single female was greater at 
30°C. These observations conform with the findings of 
Kuramochi (1985) who reported that in Haematobia irritans 
the rate of follicle development increased in proportion 
to temperature in the range of 24-30°C. Females of Chrysomya 
bezziana laid a total a£ about 201-398 eggs during each 
3 different oviposition periods (Yian and Weng, 1985). 
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Temperature has pronounced effect on the time 
and duration of pre-oviposition. In Lucilia cuprina, 
the pre-oviposition period was five days in summer in 
comparison to 19 days in September (Smit, 1928). In 
the course of present study it has been noted that 
in C. megacephala pre-oviposition period was 7.27 days 
at 25 °C while at 30'C the period was reduced to 4.7 
days. The oviposition and post-oviposition periods 
were also affected by the variation in temperature. 
The life cycle of C. megacephala may be categorized 
into an egg stage, three larval instars, a pupal instar 
and the imaginal stage. The average incubation period 
was recorded as 19.16 hours, with 80.7 percent hatching 
at 25°C, whereas with the increase in temperature to 
30°C, the period was reduced to 11.9 hours with increasing 
hatching rate of 91.1 percent. Reiter (1984) in Calliphora 
vicina has also reported an increase in the durat^^^ion 
of egg stage with decreasing temperature. Greenberg 
and Szyska (1984) recorded incubation period as 15.5, 
53.5, 22.0 and 15.0 hours in Chrysomya chloropyga putoria, 
Compsomyiops boliviana, Hemilucilia flavifacies and 
Calliphora peruviana, respectively. 
The larval instars of C. megacephala complete 
development in 131.3 hours at 25 °C while this period 
was reduced to 97.9 hours at 30°C. The first, second 
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and third instars completed the development in 26.0, 24.1 
and 81.1 hours, respectively at 25°C while their respective 
periods of completion were 16.0, 17.2 and 64.6 hours at 30°C. 
It shows that by increasing the temperature the rate of deve-
lopment could be enhanced. Fay (1985) also reported a linear 
relationship between rate of development and temperature 
in Haematobia thirouxi potans. Reiter (1984) in Calliphora 
vicina recorded a slower growth of larvae at lower temperatures 
The larval duration for the first, second and third instars 
were 16.3, 23.5 and 86.0 hours, respectively in Chrysomya 
chloropyga putoria, 23.0 72.5 and 179.0 hours, respectively 
in Compsomyiops boliviana, 14.0 23.0 and 72.0 hours, respec-
tively in Hemilucilia flavifacies and 31.5, 26.0 and 24.6 
hours, respectively in Calliphora peruviana (Greenberg and 
Szyska, 1984). Roberts (1931) reported that larval duration 
was shorter in summer (6 days) than in winter (29 days) in 
Lucilia sericata. Percentage pupation also increased in 
C. megacephala with an increase in temperature. 
The pupal duration in C. megacephala was also reduced 
with increasing temperature, it was 126.2 hours at 25 "C as 
against 114.6 hours at 30°C. The only data available on 
the pupal duration of £. megacephala is that of Prins 
(1979), according to which the pupal stage 
lasted for 4 days at room temperature. Greenberg 
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and Szyska (1984) reported the pupal duration in C. 
ch. putoria, C_. boliviana, H. flavifacies and C. peruviana 
as 4.0, 9.5, 4.5 and 12 days, respectively. The percentage 
emergence increased with increasing temperature. In 
C. megacephala percentage eclosion was 65.9 at 25°C 
as compared to 72.3 at 30"C. 
The life cycle of C. megacephala varies from 
18 to 19 days at 25.6°C (Subramanian and Mohan, 1980), 
while at 28"C this species completed its development 
in 8 days (O'Flynn, 1982). The data obtained in the 
present study are in close agreement with these findings, 
as this species completed its development in 11.5 and 
9.3 days at 25*'C and 30°C, respectively. Yian and Weng 
(1985) in Chrysomya bezziana recorded that the life 
cycle from egg to adult lasted for 15-30 days at 25-
SO'C and in Chrysomya rufifacies it lasted about 14 
days (Schmidt and Kunz, 1985). Greenberg and Szyska 
(1984) reported that C. ch. putoria, C. boliviana, 
H. flavifacies and C. peruviana completed their life 
cycle in 9.5, 23.2, 10.0 and 26.9 days, respectively. 
C. ch. putoria had the fastest development rate among 
the blowflies reared by them. Khole (1979) studied 
the metabolism in relation to post-embryonic development 
of some calliphorid flies and reported that metabolic 
rates per unit weight were found to be much higher 
in all metamorphic stages of the smaller species (Lucilia 
48 
cuprina and Chrysomya megacephala) which had a faster 
growth rate completing their life cycle earlier than 
the larger species (Chrysomya rufifacies and Parasarcophaga 
ruficornis) which had a delayed developmental process 
and lower levels of metabolism. 
The shape of the eggs observed are in conformity 
with the findings of Kitching (1976). Larval morphology 
indicates adaptations to life in liquifying tissues 
of dead or living animals as in other species of Chrysomya. 
Most larvae live, therefore, 'head-down' in their substrate, 
often with the posterior ends closely packed together 
at the liquid surface. The larvae have bands of backwardly 
directed hooks which prevent them from getting dislodged 
from a wound during scratching or rubbing activities 
by the host (Kitching, 1976). The pupa is formed within 
the outer covering of the third stage larva which hardens 
to form a brown, barrel shaped puparium inside which 
the adult fly develops. The feeding phases in the life 
history are larva and adult. The number of eggs that 
a fly can produce at one time is dependent on its size 
and the amount of protein rich food (Mackerras, 1933 
and Vogt £t al., 1985 a, b). 
The females usually live longer than the males, 
as also observed by certain other workers. The life-
span of adult males and females of C. megacephala at 
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25 °C was 55.9 and 72.7 days, respectively, while it was 
decreased to 46.9 and 54.9 days, respectively, at 30 "C 
thereby showing a negative correlation between longevity 
and temperature. In Chrysomya bezziana, adult life spain 
lasted 16-51 days, it being longer for females than males 
(Yian and Weng, 1985). 
Roy and Siddons (1939) observed that Chrysomyia 
rufifacies has a unique pattern of reproduction in that 
one female produced offsprings of one sex only either all 
males or all females throughout its reproductive life but 
in the present studies the species C. megacephala has been 
found producing offsprings of both the sexes. An increase 
in the sex-ratio near the limits of a species range has 
been noted for Phormia terraenovae R.-D. (Baumgartner and 
Greenberg, 1985). 
From the foregoing discussion it can be concluded 
that temperature has a pronounced effect on all developmental 
stages of C. megacephala. Bai and Sankaran (1985) have 
also reported a similar effect of temperature and rainfall 
in regulating fly population. Temperature parameter can 
be used more accurately to determine the time of infestation 
of a corpse (Vinogradova and Marchenko, 1984). According 
to Reiter (1984) all the developmental stages relevant 
to forensic determination of time of death depend on tempe-
rature conditions. 
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S U M M A R Y 
1. The effect of temperature on the bionomics of Chrysomya 
megacephala was studied at 25"C and 30"C. 
2. Mating took place at any time of the day but it was 
also observed during night. 
3. The adults copulated after 2 to 3 days of emergence 
at sec and after 3 to 4 days at 25°C. 
4. The pre-oviposition period ranged between 4 to 6 days 
(4.7jf0.25) at 30°C and 6.6 to 8.0 days (7.27ji^ 0.61) at 25°C. 
5. The number of eggs laid by a single female varied from 
604 to 687 (642^^11.59) at 25°C and 675 to 805 (758j^l2.81) 
at 30''C. 
6. The oviposition period ranged from 37.5 to 44.3 days 
(40.74^1.24) at 25''C and 22.0 to 37.0 days (28.0^1.32) at 
30°C. 
7. The post-ovipostion period varied from 18.0 to 26.6 
days (24.7j^l.35) at 25'C and 16.0 to 28.0 days (22.2jfl.24) 
at 30''C. 
8. Eggs measure from 1.52 to 1.58 mm (1.544^0.01) in length 
and 0.34 to 0.40 mm (0.37jf0.01) in width. 
9. The incubation period was 18.0 to 20.0 hours (19.16jf0.3) 
at 25"'C and 11.2 to 12.6 hours (11.9jf0.14) at 30°C. 
10. The percentage hatching was 73.5 to 92.0 (80.74^3.13) 
at 25°C and 86.5 to 94.6 (91.14-0.78) at 30''C. 
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11. The first instar larvae are yellowish white in colour, 
elongate coniform and metapeneustic. Anterior spiracles 
are non-functional and posterior spiracles are without 
a peritreme. Cephalopharyngeal skeleton is simple. The 
first instar larvae measure from 1.58 to 3.15 mm (2.44j^0.31) 
in length and 0.31 to 0.62 mm (0.51ji^ 0.05) in width. The 
duration of first instar was 24.0 to 27.0 hours (26.0j|^ 0.45) 
at 25°C and 15.2 to 17.2 hours (16.0+0.22) at 30°C. 
12. The second instar larvae are creamy white in colour 
and amphipneustic. The anterior spiracles are functional 
and located on the second segment. Each posterior spiracle 
has two elongated spiracular slits and peritreme is weakely 
developed. The cephalopharyngeal skeleton is better develo-
ped. The second instar larvae measure from 3.26 to 7.08 
mm (5.36_+0.68) in length and 0.59 to 1.02 mm (0.85jf0.11) 
in width. The duration of second instar was 24.0 to 25.0 
hours (24.16 + 0.16) at 25»C and 15.6 to 18.3 hours (17.2JH0.3) 
at 30''C. 
13. The third instar larvae are amphipneustic. Anterior 
spiracles are quite conspicuous. The posterior spiracles 
consist of three spiracular slits surrounded by a well 
developed peritreme. Button is absent. Cephalopharyngeal 
skeleton is well developed. The third instar larvae measure 
from 8.6 to 13.0 mm (10.7j(^ 0.78) in length and 1.8 to 3.6 
mm (2.66+0.33) in width. The third instar larvae lasted 
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73 to 85 hours (81.16jfl. 78) at 25 "C and 61.6 to 68.0 hours 
{64.6j^0.65) at 30°C. 
14. The percentage pupation varied from 64.9 to 78.4 (71.62j|^  
2.22) at 25"'C and 70.93 to 87.5 (79.26jfl .61) at 30°C. 
15. Pupae are barrel shaped and dark brown. The pupae 
measure from 7.5 to 9.5 mm (8.58j^0«36) in length and 2.7 
to 3.6 mm (3.16j}^ 0.17) in width. The pupal duration varied 
from 118.0 to 132.0 hours (126.25 4^ 1.88) at 25°C and 106.5 
to 120.2 hours (114 . 6JH1 . 64 ) at 30°C. 
16. The percentage emergence varied from 61.16 to 72.7 
(65.9JH1.92) at 25°C and 64.37 to 81.58 (72. 33JH1 .97) at 
30''C. 
17. Adults measure 10.0 to 12.0 mm (10.8JH0.37) in length. 
18. The longevity of males was 52 to 59 days (55.98j»jl. 16) 
at 25°C and 39 to 55 days (46.9+^1.76) at SO^C. 
19. The longevity of females was 69.6 to 77.6 days (12.1+_ 
1.15) at 25°C and 50 to 65 days (54.9jijl.6) at 30°C. 
20. The sex ratio was 55% males to 45% females at 30°C 
and almost equal at 25°C. 
21. Life cycle was completed in a shorter duration at 
30°C as compared to 25°C. 
22. It is evident that temperature significantly affects 
the rate of development of C. megacephala. 
FUNCrmNAL MORPHOLOGY OF THE 
REPRODUCTIVE SYSTEM 
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Reproductive system in insects is well organized 
and is mainly concerned with the succession of generation. 
Many of the activities of the organism must be correlated 
with the reproductive functions (Snodgrass, 1935). The 
form and structure of reproductive organs present a very 
wide range of variation in different insects (Imms, 1977). 
The class Insecta is a diverse group and in no other system 
is this diversity more strikingly revealed as in the repro-
ductive system (Davey, 1965). The diversity in the reproduc-
tive system makes them better adapted towards their environ-
ment . 
Insects possess great power of multiplication and 
develop very rapidly. A good majority of insects reproduce 
sexually. In most sexually reproducing insects, the female's 
energetic investment in the next generation is greater 
than the male's because she must produce and deposit many relati-
vely large eggs (Thornhill and Alcock, 1983). In some spec-
ies males are not known to exist and in such cases reprodu-
ction is brought about by parthenogenesis. The majority 
of insects are oviparous and the entire development of 
the fertilized eggs occur outside the body of the female. 
Viviparity is also noted among insects of several orders, 
their eggs or the larvae, being retained within the female's 
body where they complete a part or all of their development. 
54 
For convenience the whole complex of reproductive 
system may be divided into internal and external genitalia. 
The internal genitalia is composed of primary mesodermal 
organs and secondary ectodermal parts derived from invagina-
tion of the body wall. It is meant for the production of 
germ cells, to provide for their nutrition and give passage 
for their expulsion. The external genitalia consists of 
external appendicular structures which help in copulation 
and oviposition. 
Although the importance of reproductive organs as 
the basic taxonomic characters has been realised by Spradbery 
and Sands (1975), it has not been possible to use them 
in several orders of insects. An obvious reason of the 
latter fact is the existence of a number of lacunae in 
our present knowledge on these vital organs. 
Among Diptera, the classification of several families 
consisting of large number of insects of medical and veteri-
nary importance is based on the diversity of genital chara-
cters. As such, morphological studies substantiated by 
histological observations of the genital organs of the 
members of Diptera present a wide scope for investigation. 
It is quite surprising that the reproductive systems 
of very few insects belonging to family Calliphoridae have 
been investigated and these are mainly restricted to the 
anatomical studies (Clift and McDonald, 1973; Spradbery 
55 
and Sands, 1976; Avancini and Prado, 1986 and Jamil, 1986). 
However, Graham-Smith (1938) has given a detailed description 
of the reproductive system of both the sexes. Saving these 
studies there is no authenticated account available about 
the anatomical and histological organization of reproductive 
system of Chrysomya megacephala. 
The Oriental latrine fly, C. megacephala F, , one 
of the major pest of carrion fauna, has been selected as 
a representative of the family. The present observations 
on the morphology and histology of the reproductive system 
of both the sexes have, therefore, been undertaken to fill 
the lacunae in the overall knowledge on this subject. It 
is likely to be of immense help towards understanding the 
structure of reproductive system in both the sexes which 
is likely to provide basis of research into several means 
of control (i.e. sterile male release or insect growth 
regulators). 
Materials and Methods 
For the purpose of gross morphological observations, 
fresh insects were used. The adult male and female flies 
were anaesthesized with ether and dissected in insect Ringer's 
solution under binocular microscope. Whole mounts of reprod-
uctive organs were prepared following dehydration by passing 
through ascending grades of alcohol and were stained with 
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borax carmine. The clearing was done in clove oil and moun-
ting in Canada balsam or D.P.X. 
For histological studies Bouin's fluid (alcoholic) 
has been used as fixative and it proved good for cytoplasmic 
as well as nuclear differentiation. The tissue was fixed 
only for 4-6 hours in Bouin's fluid and washed several 
times in 70% alcohol to remove extra fixative. Following 
dehydration through the usual grades of alcohol, the material 
was cleared in xylene, infiltrated with 50:50 xylene and 
paraffin wax (56-58°C m.p.). Sections of 5-7 ^m thickness 
were cut by using rotary microtome, stained with Heidenhain's 
iron haematoxylin and counter stained with eosin (alcoholic) 
Complete dehydration was ensured before mounting the slides 
in D.P.X. for microscopic examination. Drawings were made 
with the aid of Camera lucida. Photomicrographs were taken 
using appropriate magnifications. 
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RESULTS 
Morphology of the Male Reproductive System :-
The internal genitalia (Fig. 15) of the male comprise 
a pair of testes a pair of vasa deferentia, a pair of 
accessory glands and the ejaculatory duct with ejaculatory 
sac. The testes (Tes) are disposed off laterally in the 
fourth abdominal segment. Each testis is light brown in 
colour and pyriform in shape. The testis shows an hourglass 
constriction at its lower third and is surrounded by an 
envelop of fat cells. There is, however, some variation 
and the constriction may not be so well marked in all the 
specimens. Each testis from its inner margin gives off 
a duct, the vas deferens, which connects the testis with 
the expanded region of the anterior ejaculatory duct. Vas 
deferens (Vd) of the right side is slightly longer and 
narrower than the vas deferens of the left side. Each tubular 
accessory gland (AcGl) opens by a short duct into the 
swollen part of the anterior ejaculatory duct. Morphologi-
cally each gland is divisible into three regions; the 
anterior and posterior regions are comparatively broad 
while the middle region is narrow. Accessory gland of the 
right side is slightly longer than its counterpart of the 
left side. 
The ejaculatory duct (Dej) consists of an anterior 
and posterior portion which may be taken as 'anterior' 
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and 'posterior' ejaculatory ducts, respectively. These 
are separated from each other by the ejaculatory sac. 
Anterior ejaculatory duct (Dej,) is widest near its commen-
cement tapering gradually to become a tube of uniform dia-
meter before opening into the ejaculatory sac. The tubular 
and narrow posterior ejaculatory duct (DeJ2) arising from 
the posterior end of the ejaculatory sac opens at the base 
of the aedeagus through the true male gonopore. The ejacu-
latory sac (Ejs) is an elongated somewhat transparent 
structure situated on the left side of the abdomen, interpo-
lated between the anterior and posterior ejaculatory ducts. 
It is dorsoventrally flattened. The ejaculatory sac is 
a dilation of the lower part of the ejaculatory duct and 
is provided with a strong, darkly pigmented, chitinous 
sclerite associated with a powerful musculature for prope-
lling the seminal fluid through the posterior ejaculatory 
duct into the aedeagus (Aed), 
Histology 
Testis (Tes);-
Each testis (Fig. 16; Tes) consists of a single 
sperm follicle. The wall of the testis consists of two 
layers, viz., a tunica interna and a tunica externa. The 
tunica interna (Ti) is a thick syncytial layer and contains 
large oval nuclei scattered under no definite plan. The 
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tunica externa (Te) is comparatively thin containing small 
oval nuclei and large amount of pigment granules which 
impart a light brown colour to the testis. The lumen of 
the testis contains the germ cells in various stages of 
development. Histologically, the testis can be divided 
into a number of zones on the basis of the developmental 
stages of germ cells. 
(i) Zone of Spermatogonia and Spermatocytes (ZspgSpc);-
The apical portion of the testis, the germarium 
presents a densely packed mass of germ cells. The primary 
germ cells are the spermatogonia (Spg). As the spermatoge-
nesis proceeds, the spermatogoniun^subdivides and the daughter 
spermatogonia are encysted to form the sperm cysts which 
are known as spermatocytes (Cst). There is, however, no 
trace of apical cell. 
(ii) Zone of Maturation and Reduction (ZMatRed) :-
The small zone of spermatocytes is followed by 
a comparatively larger zone of maturation and reduction. 
In this zone the spermatocytes divide to form the binucleate 
and tetranucleate stages. 
(iii) Zone of Transformation (ZTrans);-
It is the largest portion of the testis. It is 
mostly occupied by spermatids (Spd) and spermatozoa (Spz). 
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The spermatocytes develop into spermatids. The latter are 
transformed into bundles of mature spermatozoa called sperm-
atodesms. The free spermatozoa are not observed in the 
lumen of the testis. 
Vas deferens {Vd) :-
The vas deferens is lined with an epithelial layer 
of cuboidal cells with dense cytoplasm (Fig. 16; Ep). The 
large oval nuclei are located in the middle of the cells. 
The epithelium is supported on a basement membrane and 
is externally covered over by a thin layer of circular 
muscle fibres (Cml). The distal end of vas deferens is 
comparatively narrower, but the histological picture remains 
the same. There is no intima along the inner margin of 
the epithelium. The lumen is filled with fine granulated 
secretion (Sr). 
Accessory gland {AcGl) :-
The gland shows variable thickness. Histologically, 
the gland is distinguishable into three distinct regions. 
The epithelium of the first region (Fig. 17; Ep) 
consists of cuboidal cell with dense granulated cytoplasm. 
The nuclei (N) are distinct and spherical in shape. The 
epithelium is supported on a basement membrane which is 
externally overlaid by a thin layer of circular muscles 
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(Cml). The lumen is filled with vacuolated secretion (Va, 
Sr) . 
Unlike the first region the second one consists 
an epithelial layer of mononucleate columnar cells (Fig. 18; 
. A few binucleate cells are also found interspersed 
'tween the mononucleate ones. The cells have large rounded 
'clei (N) with homogeneous cytoplasm. The epithelium rests 
a basement membrane and is externally wrapped over by 
comparatively thick layer of circular muscles (Cml). 
fie secretion (Sr) is in the form of a homogeneous mass 
fith no extensive vacuolation (Va). 
Histological plan of the third region of the gland 
s similar to that of first region except that the epithelial 
;ells are narrow (Fig. 19; Ep). The lumen of the gland 
is filled with secretion (Sr) into which are dispersed 
^large number of vacuoles (Va). 
Ejaculatory duct (Dej) s-
Morphologically the anterior ejaculatory duct (Dej^) 
shows two regions, but on the basis of histological details 
it may be divided into four regions. 
The epithelium of the expanded region is formed 
of secretory cells (Fig. 20; sEp). The cytoplasm of the 
basal region is reticulate in nature and numerous granules 
are scattered in it. The small rounded nuclei (N) are located 
towards the periphery of the cells. The cytoplasm in the 
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apical region is densely granular. The epithelium is suppor-
ted on a basement membrane and is overlaid by a thin layer 
of circular muscle fibres (Cml). The lumen of the duct 
is quite spacious and lined with a thin intima (Int). It 
is filled with the vacuolated secretion (Sr). 
The epithelium of the second region (Fig. 21; sEp) 
is similar to that of the first except that it exhibits 
fewer but large rounded nuclei (N). The epithdium is exter-
nally covered by a comparatively thick layer of circular 
muscle fibres (Cml) and is internally lined with a thin 
intima (Int). The epithelium in this region appears to be 
of secretory nature but no secretory products could be arrested 
in the lumen. 
The epithelium of the third region (Fig. 22; sEp) 
is similar to that of the second region except that it 
contains a small number of large vacuoles (va) in the middle 
portion which push the nucleus (N) to one side. The epithelium 
is supported on a basement membrane which in turn is wrapped 
over by a thick layer of circular muscle fibres (Cml). 
The narrow lumen is lined with an intima (Int) and contains 
a homogeneous mass of granular secretion (Sr). 
The epithelum of this region is also syncytial (Fig. 
23; sEp) having large rounded nuclei (N). The lumen is quite 
narrow and is devoid of secretion. The epithelium of this 
region appears to be conductive in nature. The epithelium 
is internally lined by an intima (Int) and is externally 
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covered over by a comparatively thick layer of circular 
muscle fibres (Cml). 
The posterior ejaculatory duct (DeJ2) consists 
of an epithelial layer of cuboidal cells (Fig. 24; Ep). 
The epithelium rests on a basement membrane. The lumen 
of the duct is enlarged and is lined by an intima (Int). 
Fig. 15. Dorsal view of the male reproductive system. 
Scale bar = 400 pm. 
Fig. 16. Longitudinal section of the testis. Scale 
bar = 100 ^m. 
AcGl, accessory gland; Aed, aedeagus; 
Cml, circular muscle; Cst, cyst cells; 
Dej^, anterior ejaculatory duct; ^^Jo' 
posterior ejaculatory duct; Ejs, ejaculatory 
sac; Ep, epithelium; Grm, germarium; Spg, 
spermatogonia; Spd, spermatids; Spz, 
spermatozoa; Sr, Secretion; Te, tunica 
externa; Tes, testis; Ti, tunica interna; 
Vd, vas deferens; ZMatRed, zone of matura-
tion and reduction; ZSpg Spc, zone of 
spermatogonia and spermatocytes; Z Trans, 
zone of transformation. 
Grm 
Spg 
Jes 
AcGl 
-Aed 
Fig.15 
Fig.16 
Fig. 17. Transverse section of the accessory gland 
of male (first portion). Scale bar = 60 pm. 
Fig. 18. Transverse section of the accessory gland 
of male (second portion). Scale bar = 60 pm. 
Cml, circular muscle; Ep, epithelium; 
N, nucleus; Sr, secretion; Va, vacuole. 
Fig.17 
Fig.18 
Fig. 19. Transverse section of the accessory gland of 
male (third portion). Scale bar = 60 i^ti. 
Fig. 20. Transverse section of the anterior ejaculatory 
duct (first portion). Scale bar = 50 ^ m. 
Cml, circular muscle; Ep, epithelium; Int, 
intima; N, nucleus; sEp, syncytial epithelium; 
Sr, secretion; Va, vacuole. 
Fig.19 
Fig. 20 
Fig. 21. Transverse section of the anterior ejaculatory 
duct (second portion). Scale bar = 30 pm. 
Fig. 22. Transverse section of the anterior ejaculatory 
duct (third portion). Scale bar = 30 pm. 
Cml, circular muscle layer; Int, intima; 
N, nucleus; sEp, syncytial epithelium; Sr, 
secretion; Va, vacuole. 
Fig.21 
Fig.22 
Fig. 23. Transverse section of the anterior ejaculatory 
duct (fourth portion). Scale bar = 20 ^m. 
Fig. 24. Transverse section of the post >--i^r- ^ j =^ .,i-,4.^ „.. 
duct. Scale bar = 10 pm. 
Cml, circular muscle; Ep, epithelium; Int, 
intima; N, nucleus; sEp, syncytial epithelium. 
Fig.23 
Fig.2A 
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Discussion 
"In insects it is the task of the male reproductive 
system to manufacture the spermatozoa, to deliver them to 
the female, providing them with an appropriate environment 
in the form of seminal fluid to nourish them until they 
reach the spermatheca of the female, and to deliver to the 
female certain chemical or physical stimuli which will signal 
the neuroendocrine system of the female that mating has 
occurred (Davey, 1985)". 
The internal reproductive organs of the male insect 
are deceptively simple in their basic plan. The dipteran 
testes are ovoid or pyriform and frequently pigmented 
(Keuchenius, 1913). This is, however, matter of great varia-
tion. Spradbery and Sands (1976) in Chrysomya bezziana have 
reported pyriform, white coloured testes, while orange 
coloured oblong testes have been described in Chrysomyia 
rufifacies (Jamil, 1986). Chrysomya megacephala typically 
has a pair of light brown coloured, pyriform testes. In 
Calliphora erythrocephala, pyriform orange coloured testes 
have been reported by Graham-Smith (1938). Miyake (1919) 
observed elongated cylindrical structure in Dacus tsuneosis. 
Zaka-ur-Rab (1971) has reported subcylindrical yellow coloured 
testes in Dacus cucurbitae. Lomen (1914) and Snodgrass 
(1935) have described single sac like testis in mosquito. 
Whereas most of the acalyptrate Diptera have pyriform testis. 
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coiled testis has been described in Drosophila melanogaster 
(Miller, 1950) and Tetanops myopaeformis (Klostermeyer and 
Anderson, 1976). In Dacus cucurbitae, apical portion of 
the testis bends upon itself forming a sort of hair pin 
band (Zaka-ur-Rab, 1971). This condition is, however, not 
so frequently observed in Diptera. An hour glass constriction 
in the testis of Calliphora erythrocephala (Graham-Smith, 
1938), is also present in Chrysomya megacephala (Bansal 
and Murad, 1986). 
The testis of Diptera consists of simple, undivided sacs, 
although these may be regarded as single sperm follicle. 
The single sperm follicle has been reported by various workers^ 
viz.,Miller (1950) in Drosophila melanogaster, Nayar (1965) 
in Syrphus balteatus, Zaka-ur-Rab (1971) in Dacus cucurbitae 
and Klostermeyer and Anderson (1976) in Tetanops myopaeformis. 
C. megacephala also consists of a single sperm tube. The 
wall of the follicle consists of a thin epithelium standing 
on a basement membrane and in some cases the epithelium 
consists of two layers of cells (Snodgrass, 1935). Keuchenius 
(1913) described these layers as tunica externa and tunica 
interna. The tunica externa is a thin, nucleated and pigmented 
layer as observed by the present worker in C. megacephala 
(Bansal and Murad, 1986). However, thick and non-nucleated 
outer layer has been reported by Zaka-ur-Rab (1971) and 
Klostermeyer and Anderson (1976) in Dacus cucurbitae and 
Tetanops myopaeformis, respectively. The tunica externa 
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is pigmented in most of the cases. Stern (1941) has given 
the name tunica externa to a sheath of pigmented cells, 
but Lomen (1914) described the outer layer as a connective 
tissue layer filled with stored nutritive material in mosquito. 
Such type of tissue and nutritive cells are neither detected 
in C. megacephala nor in Dacus cucurbitae (Zaka-ur-Rab, 
1971). In Syrphus balteatus (Nayar, 1965), the tunica externa 
exhibit widely spaced cells with prominent secretory granules. 
The secretion provides nutrition to the spermatozoa as pointed 
out by Lomen (1914) in mosquito. Miller (1950) in Drosophila 
melanogaster and Zaka-ur-Rab (1971) in Dacus cucurbitae 
recorded large amount of pigment granules in the thick tunica 
externa, but in the latter insect large nuclei of pigment 
cells described by Miller (1950) within the 'outer sheath' 
could not be detected. The tunica interna is comparatively 
thicker and syncytial in C- megacephala. However, a thin 
inner layer has been recoraed in D. cucurbitae (Zaka-ur-
Rab, 1971) and T. myopaeformis (Klostermeyer and Anderson, 
1976). Graham-Smith (1938) in Calliphora erythrocephala 
described a layer of circular muscle fibres below the pigment 
cells covering the whole length of the vas efferens. Such 
muscle layer could not be detected in C. megacephala as 
also in D. cucurbitae (Zaka-ur-Rab, 1971). 
Whole of the sperm tube is filled with germ cells 
in various stages of development. The process of spermatoge-
nesis follows the same course as in other Diptera. The sperm-
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atogenesis has been reviewed by several authors (Schroder, 
1928; Webber, 1954; Das et^  al. , 1964; Wigglesworth, 1965 
and Blum, 1970). The spermatogonia divide to form spermato-
cytes, spermatids and finally spermatozoa. Sperm bundles 
called the "spermatodesms" have also been recorded in 
D. cucurbitae (Zaka-ur-Rab, 1971). In Sciara (Diptera) 
only one spermatid is formed from each spermatocyte because 
of the unequal distribution of chromosomes and cytoplasm 
which occurs at the meiotic division (Phillips, 1966). 
A number of vesicular nuclei and deeply stained spherical 
bodies interspersed in the spaces between the bundles 
of spermatozoa have been observed by Zaka-ur-Rab (1971) 
in D. cucurbitae, but he could not assign any function 
to these bodies. However, Miller (1950) suggested that 
vesicular nuclei appear to be nutritive in function. These 
vesicular nuclei and spherical bodies are not found in 
C. megacephala. The lower thircj of the testis seems to 
function as a pump, forcing the developing spermatozoa 
into the vas efferens (Graham-Smith, 1938). 
Testicular follicles in most of the insects are 
provided with apical cells or Verson's cells which play 
important role in nutrition (Bonhag and Wick, 1953) or 
mitochondrial metabolism (Carson, 1945). In Drosophila 
melanogaster, the apical cells play a nutritive role (Miller, 
1950). However, a special apical or versonian cell at 
the tip of the sperm sac, as described by Imms (1977) 
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in Orthoptera, Lepidoptera, Diptera and Homoptera is found 
to be lacking in the C. megacephala. The trophic respons-
ibility, therefore, lies on the epithelial lining of the 
follicle which in the absence of apical cell is physically 
involved in the nutrition of germ cells during spermatogene-
sis. Klostermeyer and Anderson (1976) in Tetanops myopaeformis 
recorded a cluster of apical cells near the apex of testis. 
Nayar (1965) showed a prominent apical cell in the apex 
of the germarium. Snodgrass (1935) described a well developed 
apical cell in the larval Diptera. Friele (1930) in Psychoda 
alternata observed apical cell in the upper end of the 
testicular lumen during the larval stages which disappears 
in adult testis. 
Each testis proximally gives off a duct called vas 
deferens. In most insects, the vas deferens consists of 
a narrow tube and an enlarged vesicle (Snodgrass, 1935; 
Wigglesworth, 1979 and Imms, 1977). In C. megacephala 
are present paired vasa deferentia connecting the testes 
with the median ejaculatory duct. Graham-Smith (1938) in 
Calliphora erythrocephala called the vas deferens as 'vas 
efferens' while Kobayashi (1934) and Zaka-ur-Rab (1971) 
in Dacus cucurbitae, Hanna (1939) in Ceratitis capitata, 
Miyake (1919) in Dacus tsuneosis, Hewitt (1914) in Musca 
domestica, Holingsworth (1960) in Drosophila subobscura, 
Clift and McDonald (1973) in Lucilia cuprina, Spradbery 
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and Sands (1976) in Chrysomya bezziana, Klostermeyer and 
Anderson (1976) in Tetanops myopaeformis and Jamil (1986) 
in Chrysomyia rufifacies termed it 'vas deferens'. Miller 
(1950) in Drosophila melanogaster called the short duct 
intervening between the testis and the seminal duct as 
"testicular duct" which according to him may be compared 
with "true vas deferens" of other insects. Klostermeyer 
and Anderson (1976) in Tetanops myopaeformis reported a 
constriction at the juncture of the vas deferens with the 
testis which he designated as 'vas efferens'. 
The vas deferens is composed of an epithelial layer 
of cuboidal cells with an overlying layer of circular muscle 
fibres in C. megacephala. Zaka-ur-Rab (1971) in Dacus 
cucurbitae has also made similar observations. Miller (1950) 
in Drosophila melanogaster does not record any layer of 
circular muscle fibres in the 'testicular duct' and same 
is true for Syrphus balteatus (Nayar, 1965). Stern (1941) 
believed that the outer layer of vas deferens is formed 
by the pigment cells which migrate from the testis during 
pupal development and thereby establishing the similarity 
in the structure of the vas deferens with that of testicular 
sheaths. The muscle layer basal to the vas deferens is 
so thin that Musgrave (1937) thought it was merely a basement 
membrane (Riemann and Thorson, 19 76). The lumen of the 
vas deferens is filled with fine granular material in C. 
megacephala suggesting secretory nature of the epithelium. 
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Klostermeyer and Anderson (1976) have also reported the 
presence of secretion in the lumen but Zaka-ur-Rab (1971) 
in D. cucurbitae reported large number of spermatozoa in 
the region of the vas deferens towards the testis. There 
is no intima along the inner margin of the epithelium in 
C. megacephala as well as in Calliphora erythrocephala 
(Graham-Smith, 1938) and Dacus cucurbitae (Zaka-ur-Rab, 
1971). Payne (1933,1934) reported that the sperms remain 
inactive in vas deferens and are carried along by peristaltic 
movement of the tube. Riemann and Thorson (1976) suggested 
that vas deferens appears to have three broad functions. 
The most obvious of these is the storage and regulated 
transport of semen. Second, the vas deferens influences 
the composition of the semen, both by the addition of secre-
tions and by the removal of waste material. Finally, sperm 
maturation also occurs in the vas deferens. 
The morphology of insect male accessory glands is 
known to differ from species to species (Chen, 1984). In 
Diptera, usually there are one or more pairs of accessory 
glands connected with the vasa deferentia (mesadenia) or 
with the ejaculatory duct (ectadenia). However, the number 
and shape of glands are quite variable from species to 
species. A single pair of accessory glands is present in 
C. megacephala. Graham-Smith (1938) in Calliphora erythroce-
phala, Miller (1950) in Drosophila melanogaster, Holingsworth 
(1960) in Drosophila subobscura, Nayar (1965) in Syrphus 
balteatus, Clift and McDonald (1973) in Lucilia cuprina. 
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Spradbery and Sands (1976) in Chrysomya bezziana and Jamil 
(1986) in Chrysomyia rufifacies have also reported paired 
condition of accessory glands. Klostermeyer and Anderson 
(1976) in Tetanops myopaeformis, Hanna (1939) in Ceratitis 
capitata, Kobayashi (1934) in Dacus cucurbitae and Miyake 
(1919) in Dacus tsuneosis reported three, four, five and 
eight pairs of accessory glands, respectively. All these 
workers, however, could not differentiate between the two 
types of accessory glands. In Musca domestica (Hewitt, 
1914) accessory glands remain undifferentiated. Zaka-ur-
Rab (1971) in Dacus cucurbitae recorded five pairs of acce-
ssory glands, in which a pair of primary accessory glands 
and four pairs of comparatively short secondary accessory 
glands open into anterior swollen portion of the ejaculatory 
duct. While one pair of posterior accessory glands open 
into the ejaculatory duct proper. Klostermeyer and Anderson 
(1976) in Tetanops myopaeformis recorded three pairs of 
accessory glands in which one pair is long, tubular and 
sinuous whereas the remaining two pairs are short and bulbous, 
The male accessory glands of Glossina austeni contain an 
apical secretion- a dense, opaque, whitish secretion at 
the apical end of the gland, and a diffuse secretion- a 
bulkier, more mobile, translucent, whitish secretion occupy-
ing nearly all the remainder of the gland (Pollock, 1974). 
The accessory gland is formed of an epithelial layer 
of cuboidal cells in the anterior and posterior regions 
with dense cytoplasm as observed in histological details. 
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The epithelium of the middle region consists of mononucleate 
columnar cells with some binucleate cells interspersed 
between them. The epithelium is externally covered over 
by a layer of circular muscle fibres. Zaka-ur-Rab (1971) 
in Dacus cucurbitae reported that epithelial layer of primary 
accessory gland consists of binucleate columnar cells and 
the secondary accessory gland consists of syncytial epithe-
lium internally lined with an intima. No such binucleated 
condition of the epithelial cells was reported by Graham-
Smith (1938) in Calliphora erythrocephala. In C^. erythro-
cephala, the lumen of the gland is lined by columnar cells 
but near the duct the tall epithelium transforms into 
cuboidal epithelium (Graham-Smith, 1938). On the other 
hand. Miller (1950) in Drosophila melanogaster reported 
binucleated condition of the epithelial cells. Further, 
Miller (1950) did not describe circular muscle fibres, 
but was of the opinion that the very thin nucleated sheath 
externally covering the gland may be the seat of active 
contractions exhibited by the living gland. The differences 
in the granulation and density of the cytoplasm have been 
reported by Zaka-ur-Rab (19 71) in Dacus cucurbitae and 
Graham-Smith (1938) in Calliphora erythrocephala, but this 
differentiation has not been observed by the present worker 
in Chrysomya megacephala. 
Accessory glands are usually surrounded by muscles 
which provide the thrust for ejaculation. Precursors for 
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manufacture of the secretion percolate through the overlying 
basement membranes and muscles to be absorbed by the secre-
tory cells. In Schistocerca, Anagasta, Calpodes, Glossina 
and Tenebrio, published reports indicate at least 5-10 
kinds of secretory cells, each of which has a product of 
characteristic morphology (Happ, 1984). 
Lange and Loughton (1985) have suggested that the 
effect of mating could be mimicked by injection of extracts 
of the male accessory gland. They further reported that 
the oviposition stimulating factor was localized in the 
opalescent gland and was transferred to the female via 
the spermatophore during copulation. Even in those species 
that do not use a spermatophore, the gland may fulfil a 
variety of functions (Hinton, 1974 and Bernt and Priiss, 
1979). 
Evidences suggest that the accessory gland substance 
is essential for fertilization (Adlakha and Pillai, 1975). 
In Drosophila, it has been suggested that the accessory 
secretory granules may serve to assist sperm mobility in 
the female genital canal, as energy substrate to maintain 
sperm activity and to support sperm penetration into the 
egg (Bairati, 1966, 1968). In Aedes aegypti, the substance 
that stimulates oviposition and inhibits mating is localized 
in the posterior region (Chen, 1984). In some cases the 
secretions may have some nutritional value for the female 
or they may accelerate oocyte maturation (Leopold, 1976). 
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The ejaculatory duct is divided into two portions, 
termed as 'anterior' and 'posterior' ejaculatory ducts, 
respectively separated from each other with a bulbous ejacu-
latorious sac. The anterior duct which receives a pair 
of vasa deferentia and accessory glands becomes slightly 
dilated anteriorly and tapers in the posterior direction 
to ultimately open into the ejaculatory sac. Zaka-ur-Rab 
(1971) described similar structure in Dacus cucurbitae. 
There are, however, differences in defining the ejaculatory 
duct in various dipterous insects. Graham-Smith (1938) 
in Calliphora erythrocephala call it as 'vas deferens', 
while Hanna (1939) in Ceratitis capitata, regard it as 
'vesicula seminalis' . Clift and McDonald (1973) in Lucilia 
cuprina and Spradbery and Sands (1976) in Chrysomya bezziana 
described it as 'seminal duct' and 'sperm duct', respectively. 
The posterior ejaculatory duct has been described 
as ejaculatory duct by various workers (Hewitt, 1914; 
Kobayashi, 1934; Graham-Smith, 1938 and Spradbery and Sands, 
1976). Miller (1950) in Drosophila melanogaster and Zaka-
ur-Rab (1971) in Dacus cucurbitae termed it as 'posterior 
ejaculatory duct'. However, Clift and McDonald (1973) in 
Lucilia cuprina do not differentiate the ejaculatory duct 
into anterior and posterior regions. 
Various terminologies have been used to describe 
the ejaculatory sac too. Zaka-ur-Rab (1971) in D. cucurbitae 
recorded a subglobular transparent 'ejaculatory pump'. 
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Miller (1950) in D. melanogaster and Klostermeyer and Anderson 
(1976) in Tetanops myopaeformis described it as 'ejaculatory 
bulb' while Hanna (1939) in Ceratitis capitata and Clift 
and McDonald (1973) in Lucilia cuprina regard it as 'pumping 
and ejaculatory organ' and 'pumping organ', respectively. 
The term ejaculatory sac has also been used by various 
workers (Hewitt, 1914; Miyake, 1919 and Graham-Smith, 1938). 
The histology of the expanded region of the ejacula-
tory duct of C. megacephala conform with that of Calliphora 
erythrocephala (Graham-Smith, 1938) and Dacus cucurbitae 
(Zaka-ur-Rab, 1971) with some exceptions. These authors 
reported the presence of distinct columnar cells in the 
epithelium. Secondly they failed to arrest secretory products 
in the lumen although they assigned secretory nature to 
the epithelium. Though Imms (1977) reported the presence 
of both longitudinal and circular muscles in most insects, 
the duct's powerful musculture coat in Chrysomya megacephala 
and in some other Diptera (Graham-Smith, 1938; Zaka-ur-
Rab, 1971 and Klostermeyer and Anderson, 1976) consists 
only of circular muscles. The absence of longitudinal muscles, 
however, does not interfere with the duct's peristaltic 
function. Miller (1950) did not report such a muscular 
sheath in Drosophila melanogaster. Moreover, the lumen 
of the duct in D. melanogaster contains an ecagulum which 
seems to be the product of epithelial cells of the product. 
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The epithelium of the ejaculatory duct in C. megace-
phala is internally lined with an intima as has also been 
reported in Calliphora erythrocephala (Graham-Smith, 1938) 
and Dacus cucurbitae (Zaka-ur-Rab, 1971), is probably the 
product of epithelial cells of the duct (Imms, 1977). The 
presence of an intima showed the ectodermal origin of the 
duct in most Diptera while the expanded region at the 
anterior end of the ejaculatory duct in Lytta nuttalli 
is regarded mesodermal due to lack of an intima (Gerber 
et al., 1971) . 
The narrow region of the anterior ejaculatory duct 
also shows the syncytial nature of the epithelium like 
the expanded region, but it is overlaid by a thick layer 
of muscles as compared to a thin layer in the anterior 
region. Graham-Smith (1938) in Calliphora erythrocephala 
and Miller (1950) in Drosophila melanogaster noted cuboidal 
nature of the epithelium. Zaka-ur-Rab (1971) in Dacus 
cucurbitae reported the presence 'of flattened epithelium, 
with the extensively vacuolated cytoplasm, which makes 
it highly reticulated and spongy in nature. The spongy 
and vacuolated nature of the cytoplasm has also been recorded 
^" Drosophila melanogaster (Miller, 1950) . 
In histological details the posterior ejaculatory 
duct is quite different from that of anterior ejaculatory 
duct. The posterior ejaculatory duct lacks the muscularis 
layer and an intima. The epithelium of this duct consists 
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of cuboidal cells and no secretory products could be arrested 
in the lumen. Zaka-ur-Rab (1971), however, in Dacus 
cucurbitae suggested syncytial nature of epithelium. In 
house flies the accessory material is produced in glandular 
cells of the ejaculatory duct (Riemann ejt al. , 1967; Riemann 
and Thorson, 1969). Leopold (1970) and Riemann (1973) repor-
ted the presence of one type of cells in the anterior part 
of the ejaculatory duct while Bairati (1968) found two 
types of secretory cells in Drosophila melanogaster. Except 
during mating the lumen of the house fly ejaculatory duct 
is largely devoid of accessory material as has also been 
reported by other workers (Hewitt, 1914; Graham-Smith, 
1938). 
*r -'^cc No. 
78 
R e s u l t s 
Morphology of the Female Reproductive System 
The internal genitalia (Fig. 25) of female consists 
of paired ovaries, lateral oviducts, a single median oviduct, 
3 spermatothecae, 1 pair of accessory glands and the genital 
chamber communicating with the exterior. 
The whitish ovaries (Ov) lie laterally in the abdomi-
nal cavity and extend from the third to fifth abdominal 
segment. Each ovary is made up of about 100 to 110 ovarioles 
and occupies a considerable portion of the abdominal cavity, 
particularly in the egg-producing adult. The ovary is 
subspherical in shape and enclosed in a transparent perito-
neal sheath. Anteriorly, each ovariole (Ovl) bears a short 
terminal filament (TF). The pedicels of the ovarioles 
open into expanded calyx which narrows down to a short 
tubular lateral oviduct (Odl). The lateral oviducts unite 
to form a common oviduct (Ode) , that opens posteriorly 
into the genital chamber (GC). The posterior opening of 
the common oviduct which communicates with the genital 
chamber represents the true female gonopore. The genital 
chamber consists of two distinct parts, viz., an anterior 
swollen portion, the anterior vagina and a posterior tubular 
portion, the posterior vagina. The anterior vagina on 
its dorsal side receives spermatothecae (Spt) and accessory 
glands (AcGl). The vagina is provided with strong dilator 
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muscles which facilitate the descent of eggs. The posterior 
vagina before entering the ovipositor joins with the rectum 
and the two combiningly form a single short tube, the 
cloaca, which opens to the exterior through the cloacal 
aperture. There are 3 rounded spermatothecae, 2 of one 
side are loosly bound together and the 3rd remains separate. 
Each spermatotheca is internally lined by a highly pigmented 
intima. Their ducts open into the anterior vagina. The 
paired accessory glands are long and tubular whose distal 
half is much dilated and gives out an apical filament 
which becomes embedded in the ovary of respective sides, 
holds the gland in position. Each gland opens through 
a short duct into the anterior vagina lateral to spermato-
thecal ducts of its side. The accessory gland of the imma-
ture female is transparent which in mature females turn 
whitish due to copious secretion in the lumen. 
Histology 
Ovariole (Ovl) :-
Each ovary (Ov) consists of polytrophic type of 
ovarioles (Figs. 25 & 26; Ovl) which are ensheathed by 
a thin, noncellular and nucleated layer, called the tunica 
propria {Tp). Each ovariole is divisible into a number 
of zones on the basis of the developmental stages, i.e. 
(i) Terminal filament (ii) Germarium and (iii) Vitellarium. 
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(i) Terminal filament (TF):-
It is a short thread like structure formed by 
the tunica propria at the apex of the ovariole (Figs. 
26 & 27; TF). 
(ii) Germariuin (Grm):-
The germarium (Figs. 26 & 27; Grm) constitutes 
the apical portion of the ovariole and it contains a number 
of primary oogonia (Oog). These later on develop into 
trophocytes (Tr) and the oocytes (0) which are nutritive 
cells (NrCl) and egg cells, respectively. The primary 
oogonia are surrounded by an epithelial layer (Ep) formed 
of cuboidal cells. 
(iii) Vitellarium (Vtl)i-
The vitellarium (Figs. 26, 27 & 28; Vtl) consiti-
tutes the largest portion of the ovariole. The vitellarium 
is distinguishable into a number of follicles. Each follicle 
contains a few trophocytes (Tr) and an oocyte (O) enclosed 
within a capsule whpse wall is formed of cuboidal follicu-
lar epithelium (Fep). Each such group of the trophocytes 
and the oocyte is known as oolast (Obi). The trophocytes 
aggregate in the upper region of the ooblast and are diffe-
rentiated into a compact mass of nutritive cells, the 
trophosome (Tro). The oocyte is nourished by trophosome 
and develops at a much faster pace. There being no proto-
plasmic connections between the trophocytes and the oocyte. 
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the transfer of nutritive material takes place through 
the rupture in the trophocyte cell membrane. As the ooblast 
develops further, the follicular epithelium begins to 
project into the ooblast between the trophosome and the 
oocyte, so as to completely isolate the two from each 
other at advanced stage of development. A few micropylar 
cells (MicCls) are found interpolated in the space between 
the trophocytes and the oocyte allowing the passage of 
the nutritive material from the nurse cells into the 
developing oocyte. 
During the first 5 days after emergence, the oocytes 
develop to maturity. The oocytes in the vitellarium show 
various stages of development. These stages are charac-
terized by the size and shape of the oocytes and the 
investing follicular epithelium. 
During the early vitellogenic stage of growth 
(Fig. 37) the oocyte becomes ellipsoidal and the yolk 
granules appear at the base of "the oocyte. The nurse 
chamber occupies most of the follicle space. At this 
stage the follicular epithelium consists of cuboid cells. 
During the vitellogenic growth phase, yolk deposition 
proceeds with upto one-third of the follicle occupied 
by yolk granules. The follicular epithelium becomes colu-
mnar around the yolk. As the development proceeds, the 
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yolk deposition increases in the oocyte and occupies 
approximately half of the follicle length (Fig. 38). 
The follicular epithelium around the oocyte remains colu-
mnar (Fig. 42; Fep) but becomes squamous around the nurse 
chamber. The interfollicular spaces (Fig. 20) appear 
in between the columnar follicle cells, which facilitates 
the passage of nutrients from the haemolymph. The follicle 
continues to increase in length but at the same time 
it becomes thinner. With further development the oocyte 
occupies from two-thirds area to almost whole of the 
follicle (Fig. 39). The nurse cells now occupy a small 
conical area at the distal end of the follicle. The foll-
icular epithelial cells turn squamous throughout. 
During the maturation period when the oocyte has 
reached its maximum size,the nurse cells degenerate and 
the follicular epithelium secrete an inner vitelline 
membrane and an outer chorion around the oocyte (Fig. 
55). The ooplasm is almost totally occupied by the yolk 
material. 
Conroon Oviduct (Ode):-
The epithelium of the common oviduct is syncytial 
in nature (Fig. 30; sEp). It has oval nuclei and densely 
granulated cytoplasm. Externally the epithelium rests 
on a basement membrane and internally it is lined by 
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a thin intirna (Int). The epithelium is thrown into foldings 
which facilitates expansion during the passage of the 
egg. External to the basement membrane is a thin layer 
of longitudinal muscle fibres (Lml) which is overlaid 
by a thick layer of circular muscle fibres (Cml). 
Anterior Vagina;-
The epithelium of the anterior vagina (Fig. 31; 
sEp) is folded extensively. It is syncytial in nature 
and contains a number of vacuolated bodies on lateral 
sides with dense cytoplasm and spherical nuclei scattered 
under no definite plan. Internally the epithelium is 
lined by a thick intima (Int) and externally it is suppor-
ted on a basement membrane which in turn is wrapped over 
by a peritoneal sheath (Psh). External to the latter 
is a thick layer of circular muscle fibres (Cml). Longi-
tudinal muscle fibres are lacking. 
Posterior Vagina;-
In histological details, the posterior vagina (Fig. 
32) differs considerably from the anterior vagina. The 
syncytial epithelium (sEp) encloses a very narrow lumen. 
The epithelium is supported on a basement membrane, 
which in turn is overlaid by inner longitudinal (Lml) 
and outer circular muscle layers(Cml). 
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Spermatotheca (Spt):-
The epithelium of the spermatotheca (Fig. 33; Ep) 
consists of cuboidal secretory cells. Externally, the 
epithelium is supported on a basement membrane and inter-
nally, it is lined by a very thick, dark brown intima. Which 
sends out a number of very small processes projecting into 
the lumen. The epithelial cells contain densely granulated 
nuclei located in the basal half of the cell. The apical 
half of the cell contains vacuole (Va) having some secretory 
material which takes a comparatively lighter stain in the 
apical portion of the cells. This secretion is used as nutri-
tion for the spermatozoa (Spz) stored in the lumen of the 
spermatotheca. The epithelium of the spermatothecal duct 
is syncytial in nature having rounded nuclei. The cytoplasm 
is densely granulated. Externally the epithelium rests on 
a basement membrane which is overlaid by a thick layer of 
longitudinal muscle fibres and internally it is lined by 
a thick intima. The lumen (Lu) is very narrow. 
Accessory Glands (AcGl):-
The epithelium of the expanded region of the acces-
sory gland is syncytial in nature (Fig. 34; sEp) having 
scattcered nuclei. The cytoplasm is highly vacuolated. 
Externally the epithelium rests on a basement membrane. 
The lumen of the gland is filled with dense vacuolated 
secretion (Va, Sr) from the epithelium. The epithelium 
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of the narrow portion (Figs. 35 & 36; sEp) of the accessory 
gland is comparatively thick. The histological plan is 
similar to that of the apical portion of the gland. 
Fig. 25. Dorsal view of the female reproductive system. 
Scale bar = 2.0 mm. 
AcGl, accessory gland; GC, genital chamber; 
Ode, common oviduct; Odl, lateral oviduct; 
Ov, ovary; Ovl, ovariole; Spt, spermatotheca. 
— Ovl 
Fig. 25 
Fig. 26. Longitudinal section of the ovariole. Scale 
bar = 100 ;jm. 
Fig. 27- A magnified view of the germarium and a part 
of vitellarium. Scale bar = 30 ^ m. 
Ep, , follicular epithelium around oocyte; 
Epp, follicular epithelium around trophosome; 
Fep, follicular epithelium; Grm, germarium; 
NrCl, nurse cells, 0, oocyte; Obi, ooblast; 
TF, terminal filament; TP, tunica propria, 
Tro, trophosome; Ylk, yolk. 
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Fig. 28. An enlarged view of the trophosome. Scale 
bar = 3 0 ^ m. 
Fig. 29. A magnified view of the oocyte showing presence 
of intercellular spaces in between the folli-
cular epithelial cells. Scale bar = 5 pm. 
Epy, follicular epithelium around trophosome; 
Fep, follicular epithelial cells; IS, inter-
cellular spaces; N, nucleus; Tr, trophocytes. 

Fig. 30. Transverse section of the common oviduct. 
Scale bar = 30 ^m. 
Fig. 31. Transverse section of the anterior vagina. 
Scale bar = 3 0 ^m. 
Cml, circular muscle; Int, intima; Lml, longi-
tudinal muscle; Psh, peritoneal sheath; sEp, 
syncytial epithelium. 
R T ^ ' ^ ^ 
Fig. 32. Transverse section of the posterior vagina, 
Scale bar = 30 ^m. 
Fig. 33. Longitudinal section of the sperinatotheca. 
Scale bar = 2 0 urn. 
Cml, circular muscle; Ep, epithelium; Int, 
intima; Lml, longitudinal muscle; Lu, Lumen; 
N, nucleus; sEp, syncytial epithelium; Spz, 
spermatozoa; Va, vacuole. 

Fig. 34. Transverse section of the accessory gland 
of female (first portion). Scale bar = 30 
j0 
Fig. 35. Transverse section of the accessory gland 
of female (second portion). Scale bar = 30 ^m-
N, nucleus; sEp, syncytial epithelium; Sr, 
secretion; Va, vacuole. 
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Fig. 36. Transverse section of the accessory gland 
of female (third portion). Scale bar = 30 pm. 
N, nucleus; sEp, syncytial epithelium; Sr, 
secretion. 
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Discussion 
"It is the function of the female reproductive 
tract in insects to produce the eggs and to deposit them 
at an appropriate time and in an appropriate place. In 
addition, the female tract must receive the spermatozoa 
from the male and transport them to the spermatheca where 
they must be provided with appropriate nutritional and 
other conditions in order to ensure their viability thro-
ughout the often protracted period of storage until they 
are used to fertilize the eggs as they are oviposited. 
At this time spermatozoa must be released in such a way 
as to ensure their entry into the egg. Finally the female 
system may provide additional protection for the eggs 
in the form of an ootheca (Davey, 1985)". 
The internal organs of reproduction in female insects 
vary in structure from species to species. Generally, 
paired ovaries are found in Diptera. The ovaries are 
composed of a number of egg tubes or ovarioles. The number 
of ovarioles is roughly constant within a species. In 
Chrysomya megacephala, they range from 100 to 110 in 
each ovary. Hewitt (1914) in Musca domestica and Miller 
(1950) in Drosophila melanogaster recorded approximately 
72 and 10 to 20 ovarioles per ovary, respectively. Zaka-
ur-Rab (1971) in Dacus cucurbitae recorded 25-36 ovarioles. 
Clift and McDonald (1973) put their number as approxima-
tely 100 in Lucilia cuprina. Spradbery and Sands (1976) 
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in Chrysomya bezziana have recorded 75-115 ovarioles 
in wild flies and 50-91 ovarioles in laboratory reared 
flies. Avancini and Prado (1986) have recorded about 
80 polytrophic ovarioles in Chrysomya putoria whereas 
in Chrysomyia rufifacies, 43-116 ovarioles have been 
reported by Jamil (1986). In viviparous Diptera, Hippobosca 
maculata only one ovariole in each ovary has been observed 
by Ansari and Murad (1981). 
The ovarioles of C. megacephala conform with those 
of other Diptera (Dean, 1935; King et^  al. , 1968; Zaka-
ur-Rab, 1971; Spradbery and Sands, 19 76; Chaudhry and 
Tripathi, 1976; Ansari and Murad, 1981; Shukla and Singh, 
1982 and Avancini and Prado, 1986). They are polytrophic-
meroistic type in which the trophocytes are found closely 
associated with the oocyte in each follicle. Apically, 
each ovariole tapers to form a short terminal filament. 
Although a definite suspensory ligament as reported by 
Graham-Smith (1938) in Calliphora erythrocephala and 
Bonhag (1951) in horse fly is absent in C. megacephala 
as well as in some other dipteran flies (Hewitt, 1914; 
Dean, 1935; Miller, 1950 and Zaka-ur-Rab, 1971). Each 
ovariole in C. megacephala is found to be covered over 
by a thin tunica propria as in Dacus cucurbitae (Zaka-
ur-Rab, 1971), Tetanops myopaeformis (Klostermeyer and 
Anderson, 1976) and Hippobosca maculata (Ansari and Murad, 
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1981). Dean (1935) in Rhagoletis pomonella and Miller 
(1950) in Drosophila melanogaster recorded a thin nucleated 
membrane and termed it as 'peritoneal membrane' and 
'epithelial sheath' respectively. Nayar (1965) in Syrphus 
balteatus recorded structureCless membrane, tunica propria. 
King and Aggarwal (1965) in Drosophila sp. recorded the 
presence of muscle sheath in tunica propria. The tunica 
propria has a supporting function, elastic in nature, 
which plays an important role in ovulation (Bonhag and 
Arnold, 1961). Koch and King (1966) found amoeboid cells 
in the space between ovariole sheath and tunica propria 
may be concerned with repairing the latter when it is 
damaged. Neither muscle layer nor amoeboid cells could 
be detected by the present worker in C. megacephala. 
The nutritive material mainly contributed by the tropho-
cytes to the oocyte and the nurse cells are shown to 
disintegrate as the developing oocyte derives nutrition 
from them (Bonhag, 1955a and Gerber et^  al. , 1971). The 
discharge of the nutritive material from the trophosome 
into the oocyte takes place by the rupture of trophocyte 
cell walls, there being no protoplasmic connections between 
the trophocytes and the oocyte as reported by Verhein 
(1921) (quoted by Snodgrass, 1935) in Rhagoletis pomonella 
and Zaka-ur-Rab (1971) in Dacus cucurbitae. The developing 
oocyte in C. megacephala is accompanied by 8 trophocytes. 
Nayar (1965) in Syrphus balteatus showed the presence 
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of 7 nurse cells. In Drosophila sp., as in most Diptera 
belonging to the superfamily Muscoidea, each egg chamber 
consists of an oocyte and 15 nurse cells (Verhein, 1921 
and King ejt al. , 1968). In Glossina morsitans (Ulrich, 
1967), Glossina austeni (Huebner ejt al. , 1975) and Sarco-
phaga tibialis (Kokwaro, 19 83)/ 15 nurse cells are reported. 
Ansari and Murad (1981) have described the presence of 
only 2 trophocytes. Spradbery and Sands (1976) and Avancini 
and Prado (1986) reported the presence of 16 and 15 nurse 
cells in Chrysomya bezziana and Chrysomya putoria, 
respectively. 
Vitellogenesis and other aspects of oogenesis have 
been studied extensively in a wide range of insects (King 
and Koch, 1963; Cummings e_t al.. , 1971; Huebner and Anderson, 
1972; Elliott and Gillott, 1976; Spradbery and Sands, 
1976; Mazzini and Giorgi, 1985; Avancini and Prado, 1986 
and Bownes, 1986). In many insects, differentiation of 
the follicular epithelium appears to be an essential 
prerequisite of yolk formation (Huebner and Anderson, 
1972 and Elliott and Gillott, 1976). As the oocyte enlarges, 
the follicular epithelium gradually changes from cuboidal 
to columnar and results in the formation of intercellular 
spaces which are believed to provide a passage for the 
uptake of extraovarian protein into the oocytes (Telfer 
and Melius, 1963 and Pratt and Davey, 1972). Huebner 
and Anderson (1972) in Rhodnius prolixus, Elliott and 
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Gillott (1976) in Melanoplus sanguinipes, Spradbery and 
Sands (1976) in Chrysomya bezziana, Rizzo and King (1977) 
in Drosophila melanogaster, Koeppe e_t al. (1981) in 
Leucophaea maderae, Mazzini and Giorgi (1985) in Bacillus 
rossius and Avancini and Prado (1986) in Chrysomya putoria 
reported similar changes in the epithelium, which ultima-
tely becomes squamous. At the time of vitellogenesis 
in Hyalophora, Aedes and Calliphora the follicular epith-
elium retracts from the surface of oocyte. Presumably 
the protein, in the space round the oocyte, concentrates 
itself at the surface of oolemma and is, then taken up 
by pinocytosis (Bownes, 1986). He also suggested that 
fat body is a major site of synthesis of yolk proteins. 
The role of the follicular epithelium in providing lipids, 
carbohydrates and protein yolk bodies to the oocyte has 
also been demonstrated. (Bonhag, 1956; Anderson and Telfer, 
1969; Telfer and Smith, 1970; de Loof and Lagasse, 1970; 
Elliott and Gillott-, 1976 and Brennan et^  al. , 1982). 
In addition, the follicular epithelium seems to play 
a role in the synthesis and deposition of the egg envelops 
during choriogenesis (reviewed by Mahowald, 1972; Quattropani 
and Anderson, 1969; Telfer, 1979 and Kimber, 1980). 
The paired lateral oviducts coming out from the 
ovaries become slightly dilated. A similar apical expansion 
of the lateral oviduct has also been recorded in Calliphora 
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erythrocephala (Graham-Smith, 1938), Drosophila melanogaster 
(Miller, 1950) and Dacus cucurbitae (Zaka-ur-Rab, 1971). 
The genital chamber is distinguished into two regions, 
viz., anterior swollen part and posterior tubular part. 
Different workers have given different terminologies 
for genital chamber. The present worker has used the 
term 'anterior vagina* for the swollen part. This is 
equivalent to the 'vagina' of Musca domestica (Hewitt, 
1914), Dacus cucurbitae (Kobayashi, 1934), Chrysomya 
bezziana (Spradbery and Sands, 1976) and Chrysomya putoria 
(Avancini and Prado, 1986). Graham-Smith, (1938) in Calliphora 
erythrocephala, Miller (1950) in Drosophila melano-
gaster and Ansari and Murad (1981) in Hippobosca maculata 
referred it as 'uterus'. It has been labelled as genital 
chamber in the case of horse fly (Bonhag, 1951) and 
Chrysomyia rufifacies (Jamil, 1986). While Zaka-ur-Rab 
(1971) in Dacus cucurbitae has described it as 'genital 
chamber proper'. It has been referred as 'atrium' by 
Christophers (1923). Dean (1935) in Rhagoletis pomonella 
referred it as 'Bursa copulatrix'. Klostermeyer and Anderson 
(1976) in Tetanops myopaeformis termed it as 'sacculus'. 
In C. megacephala ectodermal tissue apparently 
has completely replaced the mesodermal tissue of the 
lateral oviducts, as often occurs in insects (Snodgrass, 
1935 and Johannsen and Butt, 1941), since the entire 
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length of the oviduct is lined with a chitinous intima. 
In the narrower lumen of the oviduct, both the types 
of muscles seem to help in the passage of eggs. The large 
quantities of frothy, mucilaginous material secreted 
by the epithelium of the oviduct apparently is the subst-
ance with which the eggs are held together in a loose 
clump after oviposition (Sweeny e_t ajL. , 1968). 
The musculature of the anterior vagina consists 
of only circular muscles. The longitudinal muscles are 
wanting. Ansari and Murad (1981) in Hippobosca maculata 
make practically similar observations. However, Graham-
Smith (1938) in Calliphora erythrocephala recorded the 
presence of an inner layer of longitudinal muscles and 
an outer layer of circular niuscles. The absence of longi-
tudinal muscles around the anterior vagina does not present 
any functional problem. Contractions of the circular 
muscles alone would be sufficient to force the eggs through 
the vagina. 
The posterior vagina consists of an inner layer 
of longitudinal muscles and an outer layer of circular 
muscles while only longitudinal muscles have been observed 
by Graham-Smith (1938) in Calliphora erythrocephala. 
Klostermeyer and Anderson (1976) in Tetanops myopaeformis 
recorded a muscular sheath along the entire length of 
the vagina but do not differentiate the two types of 
muscles. 
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Three rounded spermatothecae have been observed by the 
present worker in C. megacephala. The number and form of sper-
matothecae are, however, subject to great variation. The presence 
of three spermatothecae has also been recorded in Calliphora 
erythrocephala (Graham-Smith, 1938), Dacus cucurbitae (Zaka-
ur-Rab, 1971), Lucilia cuprina (Clift and McDonald, 1973), 
Chrysomya bezziana {Spradbery and Sands, 1976), Physiphora 
aenea (Sareen and Kaur, 1982), Chrysomya putoria (Avancini 
and Prado, 1986) and Chrysomyia rufifacies (Jamil, 1986). 
While in Hippobosca maculata (Ansari and Murad, 1981) these 
are reported as wanting. The histology of spermatotheca is 
similar to those as described in other dipteran insects except 
few details. Clements and Potter (1967) in the mosquito, 
Aedes aegypti and Sareen and Kaur (1982) in Physiphora aenea 
have reported the presence of two types of cells surrounding 
the spermathecae while only one type of cell has been recorded 
in C. megacephala (Bansal and Murad, 1987), Dacus cucurbitae 
(Zaka-ur-Rab, 1971) and Tetanops myopaeformis (Klostermeyer 
and Anderson, 1976). There is no musculature in the spermathecal 
duct of Physiphora aenea (Sareen and Kaur, 1982). The spermato-
thecae are for the reception and storage of spermatozoa. The 
spermatothecae itself are secretory, presumably producing 
nutrients for the spermatozoa (Gerber e_t aJ.. , 1971; Zaka-ur-
Rab, 1971 and Klostermeyer and Anderson, 1976). In the virgin 
females they contain fluid, presumably secreted by the cells surrounding 
them, and in copulated females closely packed spermatozoa are 
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found in the lumen of the spermatotheca. Graham-Smith 
(1938) in Calliphora erythrocephala and Zaka-ur-Rab (1971) 
in Dacus cucurbitae made similar observations. 
The accessory glands are frequently present in 
dipterous insects. Their number, size and shape vary from 
species to species. A single pair of long tubular accessory 
glands is present in Chrysomya megacephala. Other workers 
have also recorded the presence of paired accessory glands 
(Hewitt, 1914; Graham-Smith, 1938; Bonhag, 1951; Clift 
and McDonald, 1973; Klostermeyer and Anderson, 1976; 
Spradbery and Sands, 1976; Avancini and Prado, 1986 and 
Jamil, 1986). However, Rossignol ejt ajL. (1977) have recorded 
the presence of only one accessory gland in Aedes aegypti. 
Zaka-ur-Rab (1971) in Dacus cucurbitae observed triangular 
and swollen structure of the glands. Miyake (1919) in 
Dacus tsuneosis showed the presence of a 'gourd like vesicle' 
whose ducts unite with that of the spermatheca to form 
a short common duct which, in turn, opens into the vagina. 
In viviparous Hippobosca maculata (Ansari and Murad, 1981)/ 
two pairs of accessory glands have been recorded. There 
is great variation in histology as well as its functions. 
Zaka-ur-Rab (1971) in Dacus cucurbitae could not detect 
any vacuole in the cytoplasm while highly vacuolated cyto-
plasm has been observed in C. megacephala. He also showed 
the presence of an intima in Dacus cucurbitae. Rossignol 
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et al. (1977) reported the presence of muscle fibres in 
the glandular region. Neither muscle layer nor intima 
has been observed in C. megacephala. In Musca domestica 
(Leopold and Degrugillier, 1973) and Aedes aegypti 
(Rossignol e_t al. , 1977)/ the secretion is involved in 
egg-laying, possibly in sperm penetration. Various workers 
have suggested different functions for the secretion of 
the glands. Graham-Smith (1938) and King (1970) are of 
the opinion that the secretion of the glands causes the 
eggs to adhere to one another and to the substratum on 
which they are laid. Nonidez (1920) in Drosophila sp. 
and Dean (1935) in Rhagoletis pomonella have suggested 
that the secretion of the gland activates the spermatozoa. 
Zaka-ur-Rab (1971) in Dacus cucurbitae regard the accessory 
glands to have a colleTterial function. In viviparous 
Diptera, the accessory glands are modified to such an 
extent that they secrete a milky fluid for the nourishment 
of the developing larva within the uterine cavity (Snodgrass, 
1935; Ulrich, 1963; Tobe and i)avey. 1972 and Roberts, 
1972). 
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SUMMARY 
Male Reproductive System;-
The male reproductive organs of Chrysomya megacephala 
consist of paired testes, paired vasa deferentia, paired 
accessory glands and the ejaculatory duct with ejaculatory 
sac. 
Each testis is light brown in colour and pyriform 
in shape. It consists of a single sperm follicle ensheathed 
by an internal tunica interna and external tunica externa. 
Histologically, the testis can be divided into a number of 
zones on the basis of the developmental stages of germ cells. 
The vas deferens is lined with an epithelial layer of cuboidal 
cells, overlaid by a thin layer of circular muscle fibres. 
The lumen is filled with granulated secretion. Histologically, 
the accessory gland shows three regions. The first region 
consists of an epithelial layer of cuboidal cells. It is 
ensheathed by a thin layer of circular muscles. The lumen 
is filled with vacuolated secretion." The epithelium of the 
second region consists of some binucleate cells interspersed 
in between the mononucleate cells. The epithelium is wrapped 
over by a comparatively thick layer of circular muscles. 
The secretion contains no extensive vacuolation. The epithelial 
cells of the third region are narrow and the secretion is 
mixed with large number of vacuoles. The ejaculatory duct 
is divided into anterior and posterior ducts, respectively. 
They are separated from each other by the ejaculatory sac. 
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Morphologically the anterior ejaculatory duct shows two 
regions, but it is divisible into four regions on the basis 
of histological details. The epithelium of the expanded 
region consists of syncytial secretory cells and is overlaid 
by a thin layer of circular muscles. The lumen of the duct 
is lined with a thin intima and is filled with the vacuolated 
secretion. The muscle layer of second region is comparatively 
thicker. The epithelium appears to be secretory in nature 
but secretory products could not be arrested in the lumen. 
The epithelium of the third region contains vacuoles and 
the lumen is filled with granulated secretion. The epithelium 
of the fourth region appears to be conductive in nature. 
The posterior ejaculatory duct consists of an epithelial 
layer of cuboidal cells. The lumen is lined with an intima. 
Female Reproductive System :-
The female reproductive organs of Chrysomya megace-
phala consist of paired ovaries, lateral oviducts, a common 
oviduct, 3 spermatothecae and paired accessory glands. 
Each ovary is formed of about 100 to 110 polytrophic 
ovarioles. Externally, each ovariole is enclosed by a thin 
tunica propria. The common oviduct has syncytial epithelium 
lined by a thin intima. The duct has both longitudinal and 
circular muscles. The vagina is distinguishable into anterior 
and posterior portions. The posterior vagina has longitudinal 
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as well as circular muscles but the anterior vagina has 
only circular muscle layer. Out of 3 rounded spermatothecae 
the 2 of one side are loosely bound together. Each spermato-
theca is bounded with cuboidal epithelial layer. The epithe-
lial cell has a prominent vacuole in the apical half which 
is filled with secretory material for the benefit of sperma-
tozoa. The paired accessory glands open separately into 
the genital chamber. These glands show maximum activity 
during the breeding period. 
HISTOCHEMISTRY 
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INTRODUCTION 
The ovaries of insects are composed of individual 
tubes called ovarioles. According to Snodgrass (1935), 
insect ovaries can be distinguished into meroistic or 
panoistic types. This distinction depends upon the presence 
or absence of the specialized cells which nourish the 
oocyte. Panoistic ovarioles lack special nurse cells or 
trophocytes; but the oocytes are nourished only by the 
follicular epithelium. The meroistic type can be subdivided 
into polytrophic and telotrophic types depending upon 
the arrangement of the trophic tissue. In the polytrophic 
type of ovarioles, each oocyte has its own complement 
of adjacent nurse cells. Each oocyte maintains cytoplasmic 
continuity with the nurse cells through pores in the cell 
membranes that may open into the oocyte directly or indire-
ctly through an adjacent nurse cell, as in Bombyx mori 
(Aggarwal, 1962)^ Drosophila melanogaster (Brown and King, 
1964) and Hyalophora cecropia (King and Aggarwal, 1965). 
In the telotrophic type of ovariole, the nurse cells are 
confined to an anterior chamber and the nourishment of 
the posteriorly placed oocytes is through protoplasmic 
cords, as in the case of bugs, Oncopeltus fasciatus (Bonhag, 
1955 a,b) and Dysdercus cingulatus (Aggarwal, 1963). 
Ovarian maturation in the blowfly, Chrysomya megace-
phala requires approximately 5 days and is characterized 
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by numerous biochemical and morphological changes within 
the follicular epithelium. After mating, the oocytes of 
each polytrophic ovary become vitellogenic and incorporate 
large quantities of macromolecules from the haemolymph. 
At the end of the growth period, a chorion is deposited 
around each mature oocyte by the follicular epithelium. 
In most insects, large amount of proteinaceous 
yolk is deposited in the developing oocytes. The protein 
may be synthesized within the follicle cells (Anderson 
and Telfer, 1969, 1970) or in tissues outside the oocyte 
(reviewed by Telfer, 1965; Engelmann, 1970). According 
to Telfer and Melius (1963), Masner (1968) and Pratt and 
Davey (1972) extraovarian protein is believed to reach 
the oocyte surface by an intercellular route and incorpora-
ted as yolk by pinocytosis (Elliott and Gillott, 1976). 
A close scrutiny of the existing literature reveals 
that our present state of knowledge on the histochemical 
accounts of polytrophic ovarioles is confined to a few 
species only (Brown and King, 1964; Hopkins and King, 
1966; Pollack and Telfer, 1969 and Tripathi and Chaudhry, 
1979, 1981). The present study has therefore, been under-
taken to investigate the origin and chemical nature of 
nourishing substances found in the oocytes. Since all 
of the chemical substances received by the oocytes from 
the blood are mediated by the nurse tissues (Bonhag, 1955a), 
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this study involves histochemical observations of the trophocytes 
and follicular epithelium. Also, much of the chemical material 
received from the nurse tissues is further elaborated by the 
oocytes before it becomes part of the definitive yolk of the 
ova (Bonhag, 1955 a), thus it was thought proper that the oocytes 
be studied in different stages of yolk development. 
Materials and Methods 
Insects were taken out from the culture and given 
anaesthesia. The anaesthetised insects were vivisected in Ringer's 
solution under a binocular microscope. 
The ovaries were fixed in cold Carnoy's fluid (6:3:1) 
for 1 to 2 hours. The fixed ovaries were transferred to absolute 
alcohol. The ovaries were then cleared in methyl benzoate with 
celloidine for fifteen to twenty minutes. After clearing, the 
ovaries were treated with benzene for five minutes and allowed 
to stand overnight in a mixture of equal parts of benzene and 
paraffin at room temperature for paraffin infiltration. The 
material was then embedded in pure paraffin wax (56-58°C). Finally 
the paraffin sections were cut at 6-8 )jm thickness with the 
help of rotary microtome. 
PROTEIN;-
To visualize protein, the mercury bromophenol blue 
(Hg-BPB) method as given by Pearse (1975) was used. The 
sections were deparaffinized in xylene. The xylene is 
then removed from the sections in 2 changes of 100% alcohol. 
Then the sections were passed through the usual descending 
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grades of alcohol up to distilled water and stained in 
aqueous Hg-BPB for 10-30 minutes. The stained sections 
were then rinsed in 0.5% acetic acid for 1 to 2 minutes. 
From the wash, the sections were rinsed in tap water, 
again rinsed in distilled water and transferred to tertiary 
butyl alcohol overnight, cleared in xylene and mounted 
in D.P.X. The protein is stained blue. 
NUCLEIC ACIDS :-
Toluidine blue method (Brachet, 1953) was adopted 
to stain ribonucleic acid (RNA). Parallel sections meant 
for control were treated with 10% perchloric acid at 80°C 
for only five minutes. 
For localising DNA in the ovary, the Feulgen tech-
nique (Pearse, 1975) was applied. The sections were hydro-
lysed for 10 to 12 minutes in N-HCl at 60°C. Later these 
were rinsed in cold N-HCl and transferred to distilled 
water before being placed in Schiff's reagent at room 
temperature for two hours. The stained sections were given 
three changes of bisulfite wash. Then, after washing with 
tap water for 5 minutes the sections were dehydrated through 
ascending grades of alcohol, cleared in xylene and mounted 
in D.P.X. Parallel sections meant for control were not 
treated with HCl. 
GLYCOGEN :-
Periodic acid Schiff's technique of McManus as 
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given by Pearse (1975) was employed to detect glycogen 
in the cold Carney's fixed tissues. The sections were depa-
raffinized in xylene and covered with a film of celloidine 
following the second change of absolute alcohol, then run 
down to water. Sections were placed in 1% solution of peri-
odic acid, washed for 10 minutes in tap water and stained 
with Schiff's reagent for 2-4 hours. The sections were 
then given three changes (total 10 minutes) of a solution 
consisting of 5 ml 10% Na2S20^, 5 ml N-HCl and 90 ml 
distilled water, then washed in water, dehydrated through 
ethanol, cleared with xylene and mounted. 
Parallel sections taking as control were treated 
with saliva for 2 hours at 37°C prior to staining. 
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RESULTS 
PROTEIN :-
The follicular epithelial cells react intensely 
with Hg-BPB exhibiting a high concentration of protein 
(Figs. 37 & 38; Fep). The trophocyte nucleus (TrN) picks 
up moderate stain with Bromophenol blue while cytoplasm 
is intensely stained indicating large quantity of protein. 
The oocyte nucleus appears to be protein negative as 
it is not stained with Hg-BPB (Fig. 39) while the oocyte 
cytoplasm is entirely filled with protein droplets in 
both the young and mature flies (Figs. 37-40^5;ylk, 00). 
RNA :-
All components of ovariole show strong positive 
reaction for RNA. Follicular epithelial cells appear 
to possess a high concentration of RNA (Figs. 41, 42 
& 43; Fep). The nurse cells also appear to be strongly 
RNA positive. The chromatin material and nucleoli of 
the trophic nuclei react strongly and presence of RNA 
in cytoplasm of the nurse cells is evident by a strong 
positive reaction (Figs. 41, 42 & 43; TrN). 
The ooplasm is highly basophilic. The oocyte 
nucleus appears to be RNA negative as it does not stain 
(Fig. 42). The ooplasm of 5-day - old Chrysomya megacephala 
appears to be much reduced in basophilia when compared 
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with that of the younger flies (Figs. 41-47; ylk, 00). 
DNA :-
The nucleus of nurse cell (TrN) as well as folli-
cular epithelial cell (EpN) appears to be DNA positive when 
treated with Schiff's reagent by Feulgen technique. Their 
chromatin material is stained darkly. The cytoplasm of nurse 
cells and follicular epithelial cells remain unstained and 
seems to be DNA negative in young as well as in mature flies. 
The ooplasm (00) does not react with Schiff's reagent 
and appears to be DNA negative (Figs. 48-53). 
GLYCOGEN:-
Glycogen has been detected neither in the follicular 
epithelial cells (Ep) nor in the nurse cells at any stage 
of vitellogenesis (Fig. 54). But in the oocyte of 5-day-
old flies, glycogen appears in the form of minute granules. 
These glycogen granules are evenly distributed in ooplasm 
in between yolk spheres (Fig. 56) and are more densely present 
in the peripheral region of ooplasm (Figs. 56 & 57; G). 
Fig. 37. Section of young follicle showing Hg-BPB 
positive reaction indicating the presence 
of protein in trophocytes, follicular epithelial 
cells and ooplasm. Scale bar = 100 um. 
Fig. 38. Section showing intense Hg-BPB reaction in 
the middle-aged follicle. Scale bar = 50 um. 
Pep, follicular epithelial cells; TrN, trophocyte 
nucleus; Ylk, yolk. 

Fig. 39. Section of mature follicle showing positive 
reaction with Hg-BPB in the trophocytes and 
ooplasm due to the presence of protein. Note 
the absence of protein in the oocyte nucleus. 
Scale bar = 100 pm. 
Fig. 40. A magnified view of mature oocyte showing 
Hg - BPB reaction in the ooplasm. Scale 
bar = 5 um. 
Ch, Chorion; Grm, germarium; ON, oocyte nucleus; 
00, ooplasm; Tr, trophocyte. 
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Fig. 41- Section of young oocyte with strong positive 
reaction for toluidine blue in the trophocytes, 
follicular epithelial cells and ooplasm. 
Scale bar = 100 ^m. 
Fig. 42. Section of oocyte showing, toluidine blue 
reaction in the trophocytes, follicular 
epithelial cells and ooplasm indicating the 
presence of RNA. Note the absence of RNA in 
the oocyte nucleus. Scale bar = 20 pm. 
Pep, follicular epithelial cells; ON, oocyte 
nucleus; TrN, trophocyte nucleus; Ylk, yolk. 

Fig. 43. A magnified view of the anterior end of the 
follicle, showing toluidine blue reaction 
in the nurse cells and follicular epithelial 
cells due to the presence of RNA. Scale 
bar = 5 pm. 
Fig. 44. Section of mature oocyte showing strong reaction 
with toluidine blue in the ooplasm showing 
the presence of RNA. Scale bar = 40 pm. 
Fep, follicular epithelial cells; NrCl, nurse 
cells; 00, ooplasm. 

Fig. 45: Section of mature oocyte showing toluidine 
blue positive reaction in the follicular 
epithelial cells and ooplasm. Scale bar = 80 jim. 
Fig. 46. Section of mature oocyte showing presence 
of RNA in the follicular epithelial cells and 
ooplasm. Scale bar = 40 ^m. 
Fep, follicular epithelial cells, 00, ooplasm. 

Fig. 47. A magnified view of the oocyte. Ooplasm and 
follicular epithelial cells showing toluidine 
blue reaction due to the presence of RNA. Scale 
bar = 5 um. 
Fig. 48. Section of immature follicle showing Feulgen 
positive reaction in the nurse cell cnucleus 
and follicular epithelial cell nucleus. Note 
the absence of DNA in the ooplasm and trophocyte 
cytoplasm. Scale bar = 5 um. 
EpN, epithelial cell nucleus; 00, ooplasm; TrN, 
trophocyte nucleus. 

Fig. 49. Section showing the presence of DNA in the 
trophocyte nucleus and epithelial cell nucleus. 
Scale bar = 25 pm. 
Fig. 50. Section of middle-age oocyte showing the absence 
of DNA in the cytoplasm of epithelial cells, 
trophocytes and ooplasm. Scale bar = 40 pm. 
EpN, epithelial cell nucleus; NrCl, nurse cells; 
TrN, trophocyte cell nucleus. 
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Fig. 51. Section of mature oocyte showing Feulgen positive 
reaction indicating the presence of DNA in the 
epithelial cell nucleus and nurse cell nucleus. 
Note the absence of DNA in the chorion and ooplasm. 
Scale bar = 25 ^m. 
Fig. 52. Follicular epithelial cell nucleus showing Feulgen 
positive reaction indicating presence of DNA. 
Scale bar = 2 5 jim. 
EpN, epithelial cell nucleus; NrCl, nurse cells. 
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Fig. 53. Section of mature oocyte showing Feulgen negative 
reaction in the chorion and ooplasm. Scale 
bar =40 um. 
Fig. 54. Section of immature oocyte showing PAS negative 
reaction indicating absence of glycogen. Scale 
bar =40 ^m. 
Ch, chorion; 00, ooplasm. 
oo 
Fig. 55- An enlarged view of the mature oocyte showing 
presence of protein in the follicular epithelial 
cells and ooplasm. Scale bar = 15 ^m. 
Fig. 56. Section of mature oocyte showing distribution 
of PAS - reactive substances. Glycogen is absent 
in the chorion. Scale bar = 40 ^m. 
Ch, chorion; Ep, epithelium; 00, ooplasm. 

Fig. 57. A magnified view of same section showing presence 
of glycogen in the ooplasm. The darkly stained 
material in the ooplasm is glycogen. The glycogen 
is in the form of minute particles scattered 
among the large yolk bodies. Scale bar = 5 um. 
G, glycogen. 
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DISCUSSION 
PROTEIN :-
Proteins are omnipresent components of all tissues 
(Bonhag, 1955a). The nuclei and cytoplasm of nurse cells 
in Chrysomya megacephala stain intensely with Hg-BPB which 
suggests the presence of protein in the nurse cells. Bonhag 
{1955a) suggested that protein contribution to the oocytes 
is made by the apical trophic tissue. The transport of 
RNA (Raven, 1961 and Kurihara, 1968) and DNA (Madhavan 
et al., 1967 and Kurihara, 1968) from trophocytes to growing 
oocytes has been suggested in large number of insects. 
Sidhra e^ al. (1984) have shown that in Mylabris pustulata, 
the trophocytes show cytological indices of protein synthe-
sis, however, the transport of RNA, DNA and proteins from 
trophocytes to the growing oocytes has not been observed 
which suggests that the trophocytes participate in vitell-
ogenesis through some other ways as there are no well 
developed trophic cords. 
The follicular epithelial cells are rich in protein 
content. Their nuclei and cytoplasm take dark stain showing 
a high concentration of protein. This suggests that the 
protein synthesized in the follicular epithelial cells 
is being transported to the developing oocyte. Bier (1963) 
also noted that in Calliphora and Musca the follicle cells 
secrete protein into the oocyte. Telfer 11960) in cecropia 
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moth has reported that in the female, protein is taken 
up from the haemolymph through the follicular epithelium 
and deposited in the oocyte yolk. De Loof and De Wilde 
(1970) have demonstrated that in Leptinotarsa, about 75% 
of the proteins of the yolk are taken from the blood proteins. 
Electron microscopic studies of Telfer (1960), 
Kessel and Beams (1963), Roth and Porter (1964), Anderson 
(1964), Bier and Ramamurty (1964) and Pratt and Davey (1972) 
reveal that the follicular epithelium plays an important 
role in yolk deposition by forming intercellular gaps to 
facilitate the absorption of the blood proteins. 
As the follicular epithelium is well equipped with 
DNA and RNA in the nuclei and cytoplasm, it may synthesize 
some protein besides transporting from the haemolymph. 
The transport of haemolymph proteins takes place through 
the interfollicular spaces. Thus, the follicular epithelium 
plays a vital role during vitellogenesis in Chrysomya 
megacephala. 
The protein that is deposited as yolk may originate 
from different sources. The ultrastructural and autoradi-
ographic studies of Telfer and his co-workers (Anderson 
and Telfer, 1969, 1970; Melius and Telfer, 1969 and Telfer 
and Smith, 1970) have shown that some proteins are synthe-
sized within the follicle cells and deposited as yolk. 
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However, electrophoretic and serological studies indicate 
that most yolk protein is synthesized in tissues outside 
the ovary (reviewed by Telfer, 1965; Engelmann, 1970 and 
Price, 1973). Elliott and Gillott (1976) in Melanoplus 
sanguinipes have shown that follicular cells stain intensely 
with Hg-BPB. The appearance of an extensive rough endoplasmic 
reticulum in the squamous follicle cells suggests a greately 
enlarged capacity of the ovary of Leucophaea maderae to 
synthesize protein (Koeppe et_ al., 1981). Sidhra et_ al. 
(1984) have also suggested similar functions of the follicu-
lar epithelial cells of Mylabris pustulata in protein 
synthesis. 
The yolk spheres in the oocytes of C. megacephala 
are also positive for mercuric bromophenol blue. Findings 
of Aggarwal (1967) in Callosobruchus analis and Sidhra 
et al. (1984) in Mylabris pustulata have also supported 
this view. The protein yolk is a protein-carbohydrate comp-
ound presumably a glycoprotein (Lusis, 19 63). 
In the present study the germinal vesicle is found 
to be protein negative as it does not stain with Hg-BPB. 
However, Aggarwal (1967) and Bonhag (1955a) have shown 
that oocyte nuclei play an important role in the synthesis 
of cytoplasmic protein. 
RNA :-
In Chrysomya megacephala, ovarioles show a higher 
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RNA content when treated with Toluidine blue. However, 
when the sections were treated with 10% perchloric acid 
(Gurr, 1958) RNA was extracted out and the sections showed 
a negative result. The follicular epithelial cells in C. 
megacephala are rich in RNA content. Their nuclei and 
cytoplasm take dark stain showing a high concentration 
of RNA. This suggests that the RNA synthesized in the nucleus 
of follicular epithelial cells is being transported to 
the cytoplasm from where it goes to the developing oocyte. 
In accordance with the above observations the follicular 
epithelial cells in a variety of insects have been reported 
to be rich in RNA content (Mulnard, 1948; Palm, 1948; Bonhag, 
1955a; Kugler et^  al. , 1956; King, 1960; Von Kraft, I960; 
Lusis, 1963; Ramamurty, 1963; Cruickshank, 1964; Hopkins 
and King, 1966; Pollack and Telfer, 1969; Tripathi and 
Chaudhry, 1979 and Sidhra £t al. , 1984). Bier (1963) also 
noted that in Calliphora and Musca the follicle cells secrete 
RNA and protein into the oocyte. Ramamurty (1970) has sugg-
ested that in Panorpa species the follicle cell nuclei 
synthesize RNA which enter the cytoplasm and where from 
to the periplasm in previtellogenic stages and into the 
peripheral yolk sphere during the active vitellogenesis. 
The rapid labelling of the RNA in the cytoplasm of follicular 
epithelial cell illustrates the high metabolic activity 
of these cells during yolk synthesis (Hopkins and King, 
1966). Despite this close spatial and functional association. 
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autoradiographic studies have failed to reveal any evidence 
of RNA transfer from the follicle cells to the oocyte cortex 
(Pollack and Telfer, 1969). They further suggested that 
the periods of major increase in RNA in the follicular 
epithelium appear to be correlated with the protein synthesis 
in these cells. 
The nurse cells of C. megacephala, also appear 
to be strongly RNA positive. Their nuclei and cytoplasm 
stain darkly with toluidine blue indicating the presence 
of high concentration of RNA material. This indicates that 
the RNA synthesized in the nuclei is being transported 
to the cytoplasm from where it can be channelized to the 
developing oocyte. Several workers (Bonhag, 1955a; Colombo, 
1957; King and Burnett, 1959; Sirlin and Jacob, 1960; Bier, 
1963; Ramamurty, 19 63; Ramamurty and Majumdar, 19 67; Pollack 
and Telfer, 1969; Tripathi and Chaudhary, 1979 and Sidhra 
et al. , 1984) have observed that the nurse cells are the 
primary source of oocyte RNA. They have also noted that 
the labelled RNA first appears in the nuclei of nurse cell 
and then in the cytoplasm. Later a distinct stream of such 
RNA enters the oocyte. The nurse cells of C. megacephala 
appear well suited for this role. These observations thus 
suggest that the nurse cells in the polytrophic and telot-
rophic ovaries are the main sites of RNA synthesis (Tembhare 
and Thakare, 1975). 
Ill 
RNA supplied, both from the follicular epithelial 
cells and nurse cells, have been found to be involved in 
the protein synthesis in the oocyte (Palm, 1948; Morgenthaler, 
1952; Bier, 1963 and Cummings, 1968). It is also clear 
that at certain stage of oocyte maturation the nurse.cells 
disintegrate and their entire material is supplied to the 
oocyte. The nurse cell materials incorporated into the 
developing oocyte serve as an additional source of protein 
and RNA and it may also serve as a reserve for the developing 
embryo (Vanderberg, 1963). 
The oocyte nucleus appears to be RNA negative. Similar 
observations have been made by Yao (1949) in Drosophila 
and Ramamurty (1963, 1964) in Panorpa. Although the germinal 
vesicle did not detectably contribute to the RNA of the 
oocyte during vitellogenesis, it is consistently labelled 
with tritiated uridine during pre-vitellogenic stages 
(Pollack and Telfer, 1969). The degree of involvement of 
the germinal vesicle in RNA synthesis in other insects 
varied widely (Bier ejt al. , 1967). Indeed the germinal 
vesicle is the only documented source of cytoplasmic RNA 
in the oocytes of panoistic ovaries (Pollack and Telfer, 
1969). 
The cytoplasm of the C. megacephala oocyte is RNA 
positive. Specific differences in the RNA content of the 
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ooplasm in relation to age has been recorded. The cyto — 
plasmic RNA of the oocyte decreases in quantity as the 
oocyte grows and matures. The decrease in the intensity 
to toluidine Blue stained material in the ooplasm during 
growth is considered to be due to dilution of RNA as a 
result of oocyte enlargement (Mulnard, 1954; Bonhag, 1955A, 
1959; Kugler ejt al. , 1955; Vanderberg, 1963; Seshacher 
and Bagga, 1963; Kurihara and Miya, 19 69; Pollack and Telfer, 
1969 and Tripathi and Chaudhry, 1979). Pollack and Telfer 
(1969) reported that oocyte plays a quantitatively minor 
role in the synthesis of RNA of the mature egg. 
DNA I-
Feulgen reaction for DNA has been extensively utilized 
to ascertain the distribution of deoxy-ribonucleic acid 
in various types of cells (Pearse, 1975). The use of 
Feulgen's nuclear reaction has revealed considerable amounts 
of DNA in the nucleus of the nurse cells of Chrysomya 
megacephala. Bhandari and Nath (19 30) claimed the possibility 
of nurse cells contributing to the developing oocyte much 
before the reliable histochemical methods were in wide 
use.- Schrader and Leuchtenberger (1952) and Vanderberg 
(1963) in certain coreid bugs and Rhodnius prolixus,respe-
ctively, noted transport of DNA from the nurse cell nuclei 
and according to them, DNA is passed into the oocyte in 
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the form of Feulgen negative depolymerised substance. Accor-
ding to Kaufmann et^ aJ.. (1953), the nurse cell nuclei become 
polyploid as a result of endomitosis. When the nurse cell 
breaks down, the DNA is passed into the ooplasm where it 
breaks quickly and is dispersed throughout the egg to serve 
as reserve DNA building blocks. Cummings and King C1969) 
in Drosophila melanogaster Meig. reported that the DNA 
content of nurse cell nucleus increases during the previ-
tellogenic and early vitellogenic stages and reaches its 
maximum, when about half of the oocyte is filled with 
yolk. Thereafter, a decrease in DNA content occurs. Aggarwal 
(1967) in Callosobruchus analis and Tripathi and Chaudhry 
(1981) in Sarcophaga ruficornis have also made similar 
observations. Aggarwal (1967) showed that trophocyte nucleus 
e 
can be differfritiated from the germinal vesicle by the pres-
ence of large chromatinic masses. The observations of 
Tripathi and Chaudhry (1981) are in contrast to the above 
observations who reported the presence of DNA in the oocyte 
nucleus. 
The nuclei of the follicular epithelial cells of all 
the stages in Chrysomya megacephala are strongly positive 
to Feulgen reaction suggesting the synthesis of DNA in 
the follicle cells. Kugler et^ al.. (1956), Chamberlain 
and Barett (1968) and Grover et^  al. (1971) recorded that 
DNA is also synthesized in the nucleus of the follicular 
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epithelial cells. Bonhag (1955a) and Hopkins and King (1966) 
have showed that DNA synthesized in the nurse cells and 
follicular epithelial cells are not released into the 
cytoplasm of the oocytes. Koeppe et^ al.. (1981) in Leucophaea 
maderae have reported that during vitellogenic period of 
oocyte development morphological changes in the follicle 
cells are accompanied by rapid rates of ovarian DNA synthesis. 
Sidhra ejt al. (1984) suggested that the synthesis of DNA 
in the trophocytes and the follicular nuclei takes place 
in large quantities right from early vitellogenic to the 
late vitellogenic stages. In polytrophic or telotrophic 
ovarioles, it is suggested that the DNA is supplied by 
the nurse cells through the trophic cords to the vitellogenic 
oocytes (Bonhag, 1955a, 1956 and Schrader and Leuchten-
berger, 1952). 
GLYCOGEN :-
Glycogen is not present in all insect oocytes 
(Chapman, 1985). In the present investigation glycogen 
could not be detected either in the nurse cells or in the 
follicular epithelial cells at any stage of vitellogenesis 
in the ovarioles of Chrysomya megacephala. Glycogen also 
could not be detected in the early stage of vitellogenesis 
in the oocyte cytoplasm while granules of glycogen were 
present in between yolk spheres in the oocyte cytoplasm in 
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the mature stage. These findings receive support from studies 
on other insects (Bonhag, 1955a; Kugler ejt al. , 1956; Aggarwal, 
1967 and Ramamurty, 1968). In contrast to the above observa-
tions, Bonhag (1956) in Anisolabis marititna and Hopkins 
and King (1966) in Bombus terrestris, have observed that 
sugars from the haemolymph are metabolized to form glycogen 
in the trophocytes which is then transferred to the oocyte. 
In other insects glycogen appears only in the oocyte after 
the trophocytes have degenerated and it may be contributed 
by the follicle cells or as in Panorpa and Apis, it may 
be synthesized from glucose in the oocyte itself (Ramamurty, 
3 
1968). Engles and Bier (1967) by applying H histidine 
at various vitellogenic stages of Apis mellifica and Musca 
domesticus concluded that the carbohydrate incorporation 
occurred primarily during the later stages of oocyte matura-
tion when the protein yolk synthesis ceased. They further 
maintained that the glycogen synthatase which is necessary 
for glycogen synthesis does exist in an inactive form even 
in the earlier stages. According to them, glycogen synthesis 
can be induced in relatively early oocytes by blocking 
synthesis of RNA either with actinomycin or by ether treat-
ement. 
The appearance of glycogen granules in the follicular 
epithelium of the late-vitellogenic stage and their migration 
to the ooplasm have been reported in Mylabris pustulata 
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which suggest the synthesis and deposition of glycogen 
in the late vitellogenic state (Sidhra _et ^ . , 1984). 
In other insects, Palm (1948), Bier (1954), Seshachar 
and Bagga (1963), Engles (1970) and Huebner and Anderson 
(1972) have also made similar observations. 
In the oocyte of Apis mellifica, the labelled 
carbohydrate appears within 3 minutes of application of 
3 
H glucose (Engles and Drescher, 1964). This rapid uptake 
of glucose further suggests that it is the oocyte itself 
which is involved in carbohydrate synthesis rather than 
any other tissue. In later stages of vitellogenesis, large 
accumulation of glycogen granules are evident in the follicle 
cells of Leucophaea maderae (Koeppe e^ aJ.., 1981). The 
deposition of these granules before chorion deposition 
suggests that they may serve as an energy source or as 
a source of carbohydrates for the synthesis of glycoproteins. 
Alternatively, it is possible that such granules may be 
translocated into the oocyte for later embryonic use. 
The fact that they disperse immediately before chorion 
deposition indicates that it is a regulated process which 
appears to be dependent on the regulator of chorion depo-
sition (Koeppe et al., 1981). 
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SUMMARY 
1. The localization of different consitituents like 
protein, nucleic acids and glycogen has been observed 
in the ovarioles of Chrysomya megacephala during 
various stages of development. 
2. The ovarioles of C. megacephala are of polytrophic 
type. 
3. The nurse cells are strongly protein positive. 
4. The follicular epithelial cells contain bulk of 
the protein in all the developing stages. 
5. The oocyte cytoplasm stains intensely in all the 
stages showing concentration of protein. 
6. The oocyte nucleus appears to be protein negative. 
7. RNA is abundantly present in the nurse cells. 
8. The follicular epithelial cells stain intensely 
indicating the presence of high concentration of 
RNA material. 
9. The oocyte nucleus is RNA negative. 
10. Oocyte cytoplasm is strongly RNA positive. 
11. The nuclei of both the nurse cells and follicle 
cells are DNA positive. Their cytoplasm, however, 
appears to be DNA negative. 
118 
12. The ooplasm remains almost unstained and appears to 
be DNA negative. 
13. The glycogen is present neither in the nurse cells 
nor in follicular epithelial cells at any stage of 
vitellogenesis. 
14. Glycogen is distributed throughout the fully grown 
oocyte in the form of minute particles scattered among 
the large yolk bodieq. 
15. A large quantity of protein, RNA and DNA is contributed 
by the nurse cells and follicular epithelial cells 
to the developing oocytes. 
16. The nurse cells and follicle cells do not make any 
contribution in glycogen deposition. 
BIOCHEMISTRY 
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INTRODUCTION 
Ovarian maturation in the oviparous blowfly, Chrysomya 
megacephala is characterized by numerous biochemical changes. 
After mating has been accomplished, the oocytes within the 
follicles of each polytrophic ovary become vitellogenic which 
grow in size by incorporating large quantities of macromole-
cules from the haemolymph. When the growth is over, a chorion 
is deposited around each mature oocyte by the follicular 
epithelium. Developed ovaries are considered as an indication 
of reproductive maturity in many species of insects (Adams 
and Mulla, 1968; Adams and Hintz, 1969 and Engelmann, 1970). 
The pertinent literature on insect metabolism has 
been reviewed by Gilmour (1961) and Chefurka (1965). Since 
in most of these studies, the homogenate of whole insect 
has been used, the properties of individual organs are known 
very little (Chen, 1966). This leads to utmost confusion 
in the understanding of true metabolic interrelationship 
between different organ systems. A wide gap exists between 
ovarian development experiments and their interpretation 
in terms of metabolic events in individual organs. To have 
a better understanding of the metabolic events in the ovarian 
development of the insects, blowfly, C. megacephala has been 
selected. 
In the present study an attempt has been made to 
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determine the effect of certain factors, viz., nutritional 
deficiencies due to starvation and qualitative deficiency 
of ingested food, virginity or absence of males and age 
of the insect on the quantitative estimation of ovaries 
and haemolymph. The different parameters selected for 
the present study are protein, nucleic acids, glycogen, 
phospholipid and cholesterol. The phospholipid and choles-
terol concentrations in the haemolymph could not be deter-
mined due to certain practical limitations. 
Protein metabolism plays an important role in repro-
ductive development of insects. During vitellogenesis 
remarkable amount of protein as well as lipids alongwith 
other substances is deposited as yolk in developing oocytes 
(Goltzene, 1977). The protein component of yolk spheres 
is generally believed to be synthesized in the nurse cells 
(King e_t aJ.. , 1956), but the fact is that it is synthesized 
in the fat body and is released into the haemolymph. From 
where it is taken up by the growing oocyte (Price, 1973; 
Gelti-Douka £t al. , 1974; Kambysellis and Heed, 1974; 
Highnam and Hill, 1977; Chapman, 1985 and Bownes, 1986). 
The activity in the haemolymph results in the presence 
of many transitory components including proteins, lipids 
and carbohydrates, which require special attention in 
any study relating to reproduction. The haemolymph, thus. 
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serves as an excellent index for the determination of 
biochemical status of a developing insect (Chippendale, 
1970). 
The chemical composition of the haemolymph is highly 
variable among the different species of insects and even 
within the same species it may vary with different deve-
lopmental stages (Florkin and Jeuniaux, 1974). 
A lot of work is on record regarding the effect 
of nutritional factors on ovarian development (Strangways-
Dixon, 1961; Dethier, 19 62; Orr, 1964 a ; Engelmann, 
1970; de Wilde and de Loof, 1973 b; Clift and McDonald, 
1976; Spradbery and Schweizer, 1979; Barton-Browne e_t al. , 
1979 and Vogt and Walker, 1987 b). Starvation has also 
been demonstrated to bring about a significant reduction 
in the total protein {Wigglesworth, 1963; Mohammed and 
Murad, 1978 and Lim and Lee, 1981). It has been clearly 
shown in Phormia by the work of Orr (1964 a,b) that during 
starvation proteins may drop to the extreme low levels. 
The importance of haemolymph protein as a reserve is also 
illustrated by changes during starvation. Thus when 
Deilephila euphorbiae (Heller and Moklowska, 1930) and 
Sialis lutaria (Beadle and Shaw, 1950) are subjected to 
enforced starvation, haemolymph protein declines consi-
derably. 
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Literature dealing with the effect of mating on 
egg growth and oviposition in insects is quite rich 
(Engelmann, 1970; de Wilde and de Loof, 1973 b; Barth 
and Laster, 1973; Friedel, 1974 and Barton- Browne ejt al. , 
1979). It has been an implicit assumption that the subst-
ances from the male pass unchanged into the haemolymph 
of the female and impinge upon targets, presumably in 
the nervous system (Davey , 1967). Highnam and Lusis (1962) 
reported a direct correlation between mating, secretion 
of neurosecretory material and ovarian maturation. However, 
a relationship between diet, release of neurosecretory 
material and degree of development has been suggested 
by Bownes (1986). Age factor has also been reported to 
have an important bearing on the haemolymph protein conce-
ntration in Spodoptera litura (Prasad and Nath, 1985). 
Nucleic acids level can be regarded as an index 
of protein synthesis. The greatest fluctuations in concen-
tration of protein, RNA and DNA per organism occurred 
during the maturation stages of development, i.e., the 
egg, non-diapause larval and puparial stages. The study 
of the quantitative changes in nucleic acids in ovaries 
and haemolymph is, therefore, important both for reveal-
ing informational changes and for elucidating the mecha-
nisms of supply and redistribution of nucleic acid 
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precursors among the tissues (Ring, 1973). 
Glycogen is a major component of nutrient reserve 
and is stored primarily in the fat bodies of insects (Gilmour, 
1965). Commencing with the work of Wigglesworth (1949) 
on Drosophila, the presence and metabolic use of the reserve 
glycogen have been documented in several species of Diptera. 
Several workers have studied the glycogen metabolism 
during development (Bade and Wyatt, 1962; Ludwig et^ al. , 
1964; Ludwig and Ramazzotto, 1965 and Hoglund, 1976), but 
only a little piece of work has been done on glycogen esti-
mation in relation to reproductive processes (Orr, 1964 b 
and Wiens and Gilbert, 1967). In Anisolabis and Bombus, 
sugars from the haemolymph are metabolized to form glycogen 
in the trophocytes and the glycogen is then transferred 
into the oocyte (Bonhag, 1956 and Hopkins and King, 1966). 
It has been shown that glycogen is not found in all insect 
oocytes (Chapman, 1985). 
Food has an important effect on the quantity of glyco-
gen in tissues and blood as has been revealed by the studies 
of Orr (1964 b) that protein-fed flies have a lower concent-
ration of carbohydrates as compared to sugar-fed flies. 
Starvation has also been found to alter the glycogen reserves 
in insects. Jalees ejt al. (1976) have reported an inverse 
relationship between the glycogen concentration and the 
period of starvation. 
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Studies of Hasegawa and Yamashita (1965) suggest 
that separate sites may be regulated independently by meta-
bolic or hormonal means. Several works indicate the possi-
bility of hormonal regulation of glycogen synthesis and 
degradation in insects (Steele, 1963; Wiens and Gilbert, 
1965 and Hasegawa and Yamashita, 1965). The influence of 
physiological state, age and diet on the titre of glycogen 
has also been reported by Nettles and Betz (1965). From 
the survey of existing literature it is evident that very 
little work has been done on the glycogen utilization 
in ovaries and haemolymph of insects in relation to nutri-
tional deficiencies, age and virginity. It is, therefore, 
of particular interest to examine the effect of these factors 
on glycogen concentration in C. megacephala. 
The importance of lipids in tissues and organs with 
reference to structure and function has been discussed 
by Green (1959). Several studies have been made on analyses 
of phospholipids in insects by various workers (Bieber 
et al. , 1961; Fast and Brown, 1962; Crone and Bridges, 
1963; Fast, 1964; Kamienski et^  al.. , 1965; Khan and Hodgson, 
1967; Bridges and Price, 1970 and Castillon et^  al. , 1971). 
Except the works of Crone (1964), Taylor and Hodgson (1964), 
Khan and Hodgson (1967), Thomas and Gilbert (1967) and 
Dhillon e_t al.. (1983) who have focussed their studies on 
the phospholipid content of particular organ or tissue, 
others are on the phospholipid content of the whole insect. 
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It is reasonable to believe that the composition 
of individual organs might be quite different from that 
of the whole organism. For instance, sarcosomes of housefly 
contain more phosphatidylethanolamine and less phosphatidy-
lcholine than that in the whole fly (Crone, 1964). These 
studies indicate that differences in the phospholipids 
may exist at the organ level. Several workers have reported 
the effect of mating on the activation of corpora allata 
(Scharrer, 1946; Engelmann, 1959 , 1960 and 1968 and Roth, 
1964). A correlation between the corpora allata and metabo-
lism of phospholipids has been suggested by Vroman ejt al. 
(1965). 
It is, therefore, relevant to examine the phospholipid 
concentration in the ovaries under normal and experimental 
conditions and to correlate with its functional significance. 
In contrast to many other animals, insects are unable 
to synthesize sterols de novo (Svoboda et^  al., 1975), 
therefore, insects require a dietary source of sterol for 
normal growth, metamorphosis and reproduction (Clayton, 
1964). Cholesterol in insects in addition to being a pre-
cursor of moulting hormones (Karlson and Hoffmeister, 1963) 
also acts as a constituent of lipoproteins in the haemolymph 
(Gilbert et^  a].., 1977). Many insects, though not all, can 
use cholesterol to fulfil their exogenous sterol requirements 
(House, 1974 and Svoboda et al., 1978). 
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A few studies using insects have been made on the 
distribution of cholesterol in individual organs (Casida 
et al. , 1957; Clayton and Edwards, 1961; Goodfellow and 
Gilbert, 1963; Zaidi and Khan, 1974 and Dhillon ejt al., 
1983). Considering the importance of cholesterol in growth 
and reproduction in insects, the present study has been 
undertaken to throw some light on its distribution in the 
ovarian tissues of blowfly under control and experimental 
conditions. 
Materials and Methods 
Adults of C. megacephala were taken from the labora-
tory culture. During the present study only female flies 
have been used for all biochemical estimations. Mated females 
were generally used in various experiments except where 
virgins were required. 
Insects after anaesthetization were dissected under 
binocular microscope in insect Ringer's solution. The ovaries 
were removed from the body instantaneously and rinsed in 
Ringer's solution to wash out the haemolymph. The tissue 
samples were blotted dry to remove the adhering water and 
weighed. 
Experimental procedure; 
Three-day-old adult flies were starved for six hours. 
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before providing them with food. In case of normal females 
milk and sugar were provided as food but in experiments 
where sugar and water were to be used, no milk was provided 
from the day of their emergence. Where virgin flies were 
used, females were isolated from the males immediately-
after emergence. Observations were made on 3-day-old and 
5-day-old flies for haemolymph analyses while 5-day-old 
flies were experimented only in respect of mature ovaries. 
Preparation of blood seunple;-
Flies were anaesthetized with ether. After anaesthe-
tization these flies were decapitated and a gentle pressure 
was applied on the abdomen. The haemolymph that oozed out 
was collected in a graduated capillary tube and was blown 
out in the test tubes containing appropriate solutions. 
Extraction of Protein, RNA and DNA;-
Protein, RNA and DNA were extracted according to 
the method as described by searcy and Maclnnis (1970). 
Known quantity of tissue was homogenized in 5 ml of 0.5 N 
perchloric acid (HCIO. ) and it was kept for precipitation 
in water bath at 100°C for 20 minutes. The homogenate was 
cooled and centrifuged at 3000 rpm for 10 minutes. The 
supernatent containing RNA and DNA was taken in a volumetric 
flask. The residue was washed twice and centrifuged. Super-
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natent was taken in the same flask and made upto 5 ml with 
0.5 N HCIO.. Residue was dissolved in distilled water and 
made upto 10 ml. The obtained solution was used for the 
estimation of protein. 
Extraction of glycogen;-
Glycogen was extracted by the method of Carrol ejt 
al. (1956). A known quantity of tissue was homogenized 
in 4 ml of freshly prepared 5% trichloroacetic acid (TCA) 
and centrifuged at 4000 rpm for 10 minutes. Supernatent 
was taken and made up to a concentration of 70% with 96% 
ethanol. The tubes were centrifuged again at 4000 rpm for 
30 minutes. The supernatent was decanted and the residue 
was dissolved in distilled water. Finally it was dissolved 
and made upto 5 ml with the help of distilled water. 
Extraction of phospholipid and cholesteroli-
The extraction of phospholipid was done according 
to the method of Folch et^  al. (1957) as modified by Islam 
e^ al. (1980). 
A known quantity of tissue was homogenized in 6 
ml chloroform:methanol in the ratio of 2:1 (v/v). The homog-
enate was transferred into test tubes and kept overnight 
in a refrigerator. The homogenate was centrifuged at 4000 rpm 
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for 10 minutes and supernatent was pooled and made upto 
10 ml with chloroform:methanol (2:1). Thereafter, 2.5 ml 
freshly prepared 0.9% saline solution was added to the 
extract in each test tube. This was shaken vigorously 
for the complete mixing and placed at 0.5°C in a refrig-
erator overnight for complete separation of the two layers. 
The junction of two layers in each test tube was marked 
and upper layer was discarded. The desired quantity from 
the lower layer was collected in a volumetric flask with 
the help of a syringe and stored at 0-5 °C until final 
use. The test tubes in which the two layers were separated 
were dried and the volume of the lower layer of each test 
tube was measured. The extract was used for the estimation 
of phospholipid and cholesterol. 
Estimation of protein;-
Protein estimation was carried out according to 
the method of Lowry et^  al. (1951). 
A known quantity of aliquot was taken in test tubes 
except the one in which equal quantity of distilled water 
was taken in place of aliquot. Both were raised to 1 ml 
by the addition of distilled water. To this 5 ml of freshly 
prepared copper reagent (2.68% sodium potassium tartarate, 
1% copper sulphate and 2% sodium carbonate in 0.1 N NaOH 
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were mixed in the ratio of 1:1:100 (V/V/V). The test tubes 
were shaken for proper mixing. The tubes were kept for 
10 minutes at room temperature and after incubation 1 ml 
of previously distilled (1:4, V/V) Folin-Phenol reagent 
was added to each test tube. The tubes were shaken vigorously 
and kept for 30 minutes at room temperature. Colour intensity 
was read at 750 nm against a reagent blank. 
A calibration curve of bovine serum albumin was pre-
pared by taking readings of solutions of different dilutions 
which always contained a known concentration of protein. 
The total protein for the unknown sample was calculated 
from the standard curve. 
Estimation of RNA; 
RNA was determined by Dishe orcinol method (1955) 
as described by Munro and Fleck (1967). 
Known quantity of aliquot was taken in test tubes 
except the one in which equal amount of 0.5 N HCIO. was 
added. It was brought upto 2 ml with 0.5 N HCIO^, mixed 
well and finally 4 ml of freshly prepared orcinol reagent 
(20 mg FeClj in 10 ml HCl (W/V), 3.5 ml 6% orcinol in 
absolute alcohol, W/V) was added. The tubes were shaken 
and heated in water bath for 5 minutes. The tubes were 
cooled and intensity of green colour was read against a 
blank at 665 nm. 
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A standard curve of RNA (Yeast) was plotted by taking 
readings of series of solutions of different dilutions 
having known quantity of RNA. The total RNA for the unknown 
sample was calculated from the standard curve. 
Estimation of DNA: 
DNA was determined by Burton diphenylamine method 
(1956) as described by Giles and Myers (1965). 
Suitable quantity of aliquot was taken in each test 
tube except the one in which equal amount of 0.5 N HCIO. 
was added in place of equal aliquots. Four millilitre of 
diphenylamine reagent (1.5 g diphenylamine, 100 ml glacial 
acetic acid and 1.5 ml sulfuric acid, W/V/V) was added 
to each test tube and mixed well. The tubes were heated 
for 10 minutes in water bath, cooled and the developed 
blue colour was read against the reagent blank at 600 nm. 
A standard curve with different concentrations of 
DNA (Calf thymus) was drawn according to the same procedure 
as described above. The total DNA for the unknown sample 
was calculated from the standard curve. 
Estimation of glycogen; 
Glycogen was estimated by the method of Montgomery 
(1957). Known quantity of aliquot was taken and raised 
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to a total volume of 2 ml with the help of distilled water. 
A blank tube was also prepared with 2 ml of distilled water. 
To these test tubes 0-2 ml 80% phenol (W/V) was added and 
stirred well. Lastly 5 ml of concentrated sulfuric acid 
was added to develop the colour. The tubes were mixed thoro-
ughly and allowed to stand for 30 minutes at room temperature, 
The colour "developed was read against a blank on spectropho-
tometer at 490 nm. 
A calibration curve for glycogen was prepared by 
taking readings against standard. Glycogen for the unknown 
solution was calculated from the calibration curve. 
Estimation of phospholipid; 
The total phospholipid was determined by the method 
of Bartlett (1959) as modified by Marinetti (1962). Suitable 
aliquots of lipid extract were transferred into test tubes 
except the one in which equal amount of chloroform was 
added in place of equal aliquots. The contents of the tubes 
were evaporated to dryness and the dry contents of the 
tubes were digested in digestion unit with 0.8 ml of 70% 
HCIO. for 25-30 minutes (2-3 glass beads were added in 
each tube to avoid bumping). On cooling, 7 ml of distilled 
water was added into each tube followed by 1.5 ml of 2.5% 
ammonium molybdate (W/V). After a thorough mixing of the 
contents 0.2 ml of aminonaphthol sulphonic acid (ANSA) 
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reagent (prepared by adding 2.5 g sodium bisulphite, 0.5 g 
sodium sulphite and 0.042 g ANSA in 250 ml distilled water, 
W/W/W/V) was added in each tube. The tubes were, then, 
heated in water bath for 7 minutes, cooled and the developed 
blue colour was read at 830 nm against a blank. 
Calibration curve of monopotassium dihydrogen phosphate 
was prepared, by taking readings of series of solutions 
of different dilutions which always contained a known amount 
of phosphorus. The total phospholipid for the unknown sample 
was calculated from the standard curve. The phospholipid 
values were obtained by multiplying the phospholipid by 
a factor of 25 (Subramanian and Ve.nkatesan, 1968). 
Estimation of cholesterol; 
Cholestrol was determined by Lieberman- Burchard 
reaction as described by Bloor ejt aJ.. (1922). 
Known quantities of aliquots were taken in test tubes 
except one in which equal amount of chloroform was added 
in place of equal aliquot. This was raised to 5 ml by the 
addition of chloroform. One millilitre of Bloor's colouring 
reagent (Acetic anhydride:sulfuric acid, 10:1, V/V) was 
added to each tube. The tubes were kept in the dark for 
30 minutes. The colour intensity was read at 660 nm against 
a reagent blank. From readings of solutions of different 
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dilutions, a calibration curve was prepared. The values 
were plotted by the least square method and the concentra-
tion of cholesterol was calculated by the formula as for 
phospholipids. 
Calculation; 
The following formula was used for calculation of 
concentration of phospholipid and cholesterol: 
Phospholipid or Cholesterol = — 
(mg/g fresh wt.) V x W 
Where, 
C = Concentration of lipids in mg. 
V = Total volume of the lower layer. 
V = Volume taken for the estimation. 
W = Fresh weight of tissue in gm. 
The data were analyzed using Student's t-test. Diffe-
rences between means of control and experimental groups 
were compared. P values less than 0.05 were considered 
to be significant. 
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RESULTS 
Age, nutrition and mating dependent alteration of 
protein, nucleic acids, glycogen, phospholipids and choles-
terol concentration in ovaries and haemolymph of fly 
(Chrysomya megacephala) have been presented in Tables 2,3 
and Figs. 58-62. Mated females were used for estimation 
in the haemolymph and ovaries. However, virgins were used 
for estimation of different constituents in the ovaries 
only. 
Protein; 
Ovaries of 5-day-old flies exhibit significant amount 
of protein, i.e./ 17.5%. The level of protein shows signifi-
cant decrease in the ovaries (13.06%, P < 0.05) following 
starvation. Significantly it has been observed that fully 
fed virgins contain lower concentration of ovarian protein 
(12.1%, P < 0.005) in comparison to fully fed normal mated 
females of the similar age. Protein + sugar fed females 
show good concentration of protein (6.5%) in the haemolymph 
of 3-day-old flies. In 5-day-old flies, the level of haemo-
lymph protein shows significant decrease in the protein 
+ sugar fed flies (3.7%, P < 0.01) and in starved flies 
(1.27%, p < 0.001). Haemolymph protein when compared between 
protein + sugar fed flies and sugar + water fed flies of 
3 day's age, a significant difference was noted (2.8%, 
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P < 0.01). In 5-day-old flies which were fed on sugar 
water the decrease in protein was further significant 
(2.4%,P< 0.001). 
RNA; 
Five-day-old flies contain significant amount 
of RNA (3.9%) in the ovarian tissues. Ovarian RNA signi-
ficantly decrease following starvation (2.3%, P < 0.005). 
In fully fed virgins ovarian tissues show lower amount 
of RNA (2.5%, P < 0.001) approximately equal to that of 
the starved females. It has been observed that in haemolymph 
RNA is present in highest amount (37.8%) in flies of 3 
day's age even higher than the level of protein in ovarian 
tissues or in haemolymph. It has been found that starvation 
significantly decrease (25.65%, P < 0.05) the quantity 
of RNA in the haemolymph, however, protein + sugar fed 
flies show only a marginal decrease in its level (34.8%, 
P = NS). The difference in the level of RNA in protein 
+ sugar fed flies and sugar + water fed flies of 3 day's 
age is not significant (33%, P = NS). However, significant 
difference has been noted in haemolymph RNA content of 
5-day-old flies (27%, P<0.05). 
DNA; 
Ovarian tissues of flies of 5 day's age have very 
low concentration of DNA (0.09%) in comparison to protein 
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and RNA, however, haemolymph of 3-day-old flies fed on 
protein + sugar has 1.9% DNA greater than that of ovarian 
tissues. Significant decrease in the ovaries (0.05% , 
P < 0.005) has been observed in DNA level of starved flies 
of similar age while starvation insignificantly decreased 
its level in haemolymph (1.6%, P = NS) . Fully fed virgins 
also show decreasing amount of DNA in these tissues (0.06%, 
P < 0.005). DNA level of 5-day-old protein + sugar-fed 
flies shows marginal decrease (1.8%, P = NS). Three-day-
old flies fed on sugar + water show an insignificant diffe-
rence in haemolymph DNA level (1.33%, P = NS) which further 
decreases to a low level (1.15%, P<0.01). 
Glycogen t 
Fully fed mated females have very small amount 
of ovarian glycogen (0.02%) even less than that of DNA, 
which further decreased to a low level following starvation 
(0.006%, P<0.02). However, fully fed virgins have 0.01% 
(P<0.05) glycogen in the ovaries in comparison to normal 
mated fed females of similar age. Haemolymph glycogen 
level in 3-day-old protein + sugar fed flies is only 1.0%, 
however, greater than the ovarian tissues. Its level signi-
ficantly decreased in the starved (0.4%, P < 0.001) as 
well as in 5-day-old females kept on similar diet (0.6%, 
P < 0.01). No significant difference has been observed 
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in the blood glycogen level in sugar + water fed females, 
though there was a small drop in its level in these groups. 
Phospholipids; 
Ovarian tissues contain very small amount of phos-
pholipids (0.5%), however, greater than the amount of 
DNA and glycogen in these tissues. It further decreases 
to a low level in the starved flies (0.38%, P<0.05), however, 
the level of phospholipids significantly increased (0.8%, 
P < 0.02) in fully fed virgins in comparison to normal 
mated fed females. 
Cholesterol: 
Cholesterol is present in negligible quantity 
(0.12%) even less than the quantity of phospholipids in 
ovarian tissues of 5 —day —old females. The concentration 
has been found decreasing significantly in these tissues 
of starved females (0.074%, P<0.05), however, the cholesterol 
content insignificantly increased in ovarian tissues (0.15%, 
P = NS) of virgins. 
c 
•H 
Dl 
U 
-H 
> 
-a 
0) 
> 
M 
T3 
(1) 
+J 
(0 
s 
I 
•a 
i-i 
to 
H 
3 
O 
•H 
-M 
U 
(0 
a, 
rs) 
+ 1 
(N 
« 
* 
* 
« VD 
rH 
« 
o 
+ 1 
1 ^ 
^ 
• (N 
* 
« 
* 
CTi 
O 
O 
• O 
+ 1 
VD 
O 
• O 
* 
fNI 
O 
o 
• 
o 
+ 1 
t H 
o 
• 
o 
« 
* 
n 
n 
• f-H 
+ 1 
rsi 
(^  
• 
r^  
• C/5 
• 2 
• ^ 
o 
• 
o 
+ 
i n 
• i-H 
00 
IT) 
• (N 
+ 1 
VD 
O 
* 
•K 
* in 
ro 
• 
o 
+ 1 
00 
fN 
* 
* 
* ^ O 
o 
o 
• 
o 
+ 1 
in 
o 
* 
* 
f-t 
o 
o 
o 
• 
o 
+ 1 
VD 
O 
O 
* in 
• 
o 
+ 1 
00 
00 
••e 
CN 
• O 
+ 
'T 
r~-
fN 
(N 
O 
• 
<-l 
+ 1 
i n 
• 
r~-
n t-H 
• 
o 
+ 1 
fN 
a\ 
• CO 
<o 
o 
o 
• 
o 
+ 1 
CTl 
o 
• 
VO 
o 
o 
• 
o 
+ 1 
( N 
o 
« 
•^  VO 
• 
o 
+ 1 
VD 
O 
• 
o ( N 
• O 
+ 
rsi 
• 
(0 
c 
• H 
<U 
•P 
o 
u 
a, 
ro 
in 
< 2 
OS 
< 
2 
Q 
I 
c Q) 
Cn 
o 
o 
> 1 
H 
O 
• H 
a 
•H 
H 
o 
x: 
a U] 
0 
-C 
a, 
H 
0 
M 
<u 
4J 
CO 
0) 
H 
O 
x: 
u 
• (U 
13 
m 
m 
•H 
•M 
4-1 
o 
• 
•M 
S 
+J 
Q) 
S 
cn 
e 
o 
o 
<-t 
^^  Oi 
e 
c 
•H 
-a Q) 
CO 
CO 
a 
X Q) 
<U 
M 
ro 
—~ 
Q 
• 
CO 
+ 1 
c 
ro (U 
2 
">—-r 
to 
<u 3 
i H 
ro 
> 
1 
1 
ro 
• 
<u 0 
(0 
to 
•H 
•M 
4-1 
O 
• 
+J 
s 
4-1 
0) 
> 
cn 
cn 
e 
c 
•H 
-a (U 
(0 
en 0) 
a 
X 
<a 
<u 
^1 
ro 
--« 
Q 
• W 
+ 1 
c 
ro 0) 
s 
>>_«• 
CO 
<u 3 
H 
ro 
> 
1 
1 
XI 
c 
ro 
u 
•H 
U-l 
•H 
C 
cn 
• H 
C/5 
•M 
O 
2 1 
• 
CO 
• 2 
•. 
. H 
O 
o 
• 
o 
V 
* 
* 
y 
i n 
o 
o 
• 
o 
V 
* 
« 
* 
« 
( N 
O 
• 
o 
V 
* 
* 
o 
i n 
o 
• 
o 
V 
* 
•• 
to 
<u 3 
H 
ro 
> 
Oi 
• 
c 
o 
4J 
ro 
•H 
> Q) 
a 
-a 
u 
ro 
-a 
c 
ro 
•M 
CO 
' 
• Q 
CO 
(0 
a 
<u 
u 
(0 
en 
E 
(0 
>1 
o 
03 
u 
u 
o 
x; 
a 
o 
E 
0) (0 
0) 
C 
•H 
tn 
•(-» 
c 
• M 
c 
o 
o 
to 
p 
o 
•H 
(0 
> 
o 
0) 
> 
CO 
0) 
H 
X5 
10 
EH 
m 
(U 
H 
(0 
E 
<U 
4-1 
X) 
<L) 
4-1 
O 
+J 
(0 
CO 
03 
(D 
H 
rO 
E 
Q) 
4-1 
-O 
0) 
4-1 
>H 
tn 
C/3 
C 
•H 
O 
4-> 
O 
M 
i n 
(0 
XJ 
n 
-a 
> 
u 
(0 
4-» 
W 
>1 
(0 
in 
(0 
XJ 
03 
M 
(0 
H 
U 
•H 
•P 
M 
(0 
* 
* 
* i n 
. H 
• 
CN 
+ 1 
"ir 
OJ 
• 
"tr 
f N 
•ic 
* 
CT> 
VD 
• 
n 
+ 1 CO 
o 
• CO 
( N 
* 
* 
* 
VO 
>* 
« 
CN 
+ 1 
(N 
r^  
• ( N 
r-t 
* 
* 
r~-
o 
• 
o 
1-4 
+ 1 
fSI 
r~-
• VD 
n 
i n 
CTi 
• 
^ 
+ 1 
f \ i 
• i n 
o^ 
* 
r~ 
•"cr 
• 
VD 
CM 
+ 1 fN 
VD 
• O i 
(N 
W 
2 
in 
• in 
n 
+ 1 
'S* 
r-
• 0^ 
* 
f N 
in 
« 
us 
n 
+ 1 
f N 
i n 
• 
v£> 
in 
fN 
w 
2 
CO 
i H 
• i n 
CO 
+ 1 
T-i 
VO 
• CO 
vO 
• VO 
in 
+ 1 
CO 
00 
• t ^ 
* 
* 
n 
VO 
• 
o 
+ 1 
in 
• i H 
rH 
CO 
2 
•^  
rH 
• 
m 
+ 1 
r-
f N 
• 
n 
I—1 
CO 
2 
•^  
• ^ 
• 
•<* 
+ 1 
c^ 
r-l 
• VD 
• H 
Crt 
2 
( N 
• 
•^  
+ 1 
. -1 
• 00 
rH 
VD 
f N 
• fN 
+ 1 
CO 
o 
• 
cr> 
rH 
CO 
2 
VD 
in 
• 
o 
+ 1 
CO 
• 00 
CO 
2 
r^  
fO 
• 
o 
+ 1 
00 
• en 
* 
* 
* 
ro 
"JJ* 
• 
o 
+ 1 
[ ^ 
o 
• 
•^  
* 
* 
.-H 
t-H 
1 
rH 
+ 1 
ro 
O 
• VO 
00 
• O 
+ 1 
f N 
r-~ 
• 
o 
rH 
c 
•H 
Q) 
• M 
O 
u 
< 
2 
< 
2 
Q 
C 
d) 
Cn 
O 
O 
H 
C 
(C 
CJ 
•^ ^ 
4H 
•H 
c 
cn 
• H 
C/) 
o 
2 
• H 
=k 
^ 
cn 
=Is 
c 
• H 
03 
03 
<U 
M 
a X 
<D 
0) 
(0 
--» 
• Q 
• 
cn 
+ 1 
C 
(0 
(1) 
s 
'—' 
03 
0) 
3 
H 
(0 
> 
CO 
• 2 
>. 
rH 
O 
o 
• 
o 
V 
* 
* M 
• 
r-H 
O 
• o 
V 
* 
* 
. 
i n 
o 
o 
V 
* 
• • 03 
<U 
D 
H (0 
> 
0^ 
Fig. 58A. Calibration curve for the estimation of protein. 
Fig. 58B. Calibration curve for the estimation of RNA. 
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Fig. 59A. Calibration curve for the estimation of DNA. 
Fig. 59B. Calibration curve for the estimation of glycogen, 
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Fig. 60A. Calibration curve for the estimation of 
phospholipid. 
Fig. 60B. Calibration curve for the estimation of 
cholesterol. 
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Fig. 61A. Analyses of protein and RNA in ovarian tissue 
of fed-mated, starved and virgin females. 
Fig. 61B. Analyses of phospholipid and cholesterol in 
the ovarian tissue of fed-mated, starved and 
virgin females. 
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Fig. 62A. Analyses of DNA and glycogen in the ovarian 
tissue of fed-mated, starved and virgin females, 
Fig. 62B. Analyses of protein, RNA, DNA and glycogen 
in the haemolymph of protein + sugar-fed 
(3 day's, 5 day's and starved) -and sugar-fed 
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DISCUSSION 
Protein; 
The most obvious aspect of the ovarian maturation 
is the rapid growth of the oocyte due to yolk deposition. 
During the development of the terminal oocytes in Leucophaea 
maderae, a seventy - fold increase in the amount of protein 
has been reported which constitutes approximately 25 to 
30% of the dry weight {Dejmal and Brookes, 1968). However, 
in Phormia regina, only a three-fold increase has been 
observed (Orr, 1964 b). In fact, the highest protein concen-
tration occurs at the time of active vitellogenesis in deve-
loping ovary. These observations correspond well to the 
findings of present work where a good amount of protein, 
i.e., 17.5% has been estimated in mature ovaries of 
C. megacephala fed on protein diet. The determination made 
on the protein percentage in insects, for instance, is 18.11% 
in Bombus terrestris (Slowtzoff,1905)and 17.13% in Geotrupes 
stercorarius (Slowtzoff, 1909) of fresh weight, showing 
that it varies greatly from one insect to the other. 
Studies on adult insects have revealed that nutrition 
can influence the protein concentration in the haemolymph 
(Chen, 1966). The present investigations show that the 
haemolymph protein concentration besides ovarian protein 
is also affected by diet. Sugar-fed flies exhibited a low 
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concentration of haemolymph protein in contrast to protein-
fed females which show a higher amount of protein in the 
haemolymph. These findings support the studies made by Orr 
(1964 a) where it has been reported that blood protein con-
centration in sugar-fed flies remains uniformly low but 
'medium'-fed flies show a significant rise on the third 
day. He also showed that the third day in feeding of 'medium' 
appears to be critical in determining whether the development 
would occur or not. Bodnaryk and Morrison (1966) have also 
made similar observations in the house fly and suggested 
that dietary protein is made available in a relatively short 
period. Further, it has been showed that in milk-fed females 
a large part of body cavity has been occupied by the develo-
ping ovarioles. But the sugar-water-fed females showed no 
significant ovarian growth. These observations have not 
only been confirmed but elucidated in the present study 
on C. megacephala. 
In insects, vitellogenesis depends greatly upon 
proteins synthesized outside the follicles and incorporated 
from the haemolymph (Benozzati and Basile, 1978 and Elliott 
and Gillott, 1977, 1978). This suggests that extraovarian 
protein plays an important role in oocyte development. In 
addition, follicles themselves made a considerable contribu-
tion for the mobilization of proteins involved in vitelloge-
nesis (Benozzati and Basile, 1978). The haemolymph, thus. 
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indirectly acts as a store of protein (Coles, 1965 a), 
A cyclic pattern of blood proteins during ovarian 
development has been demonstrated in Bombyx mori (Shigematsu, 
1958), Hyalophora cecropia (Telfer, 1960), Schistocerca 
gregaria (Hill, 1962), Calliphora erythrocephala (Bier, 
1962), Pyrrhocoris apterus (Slama, 1964), Periplaneta 
americana (Mills ejt £l-' 1966 and Nielsen and Mills, 1968), 
Leptinotarsa decemlineata (de Loof and de Wilde, 1970), 
Locusta migratoria (Ferenz, 1978), Danais chrysippus (Pathak 
et al. , 1985) and Musca domestica (Agui et^  al. 1985). 
During the course of adult life a decrease in haemo-
lymph protein concentration has been observed in Acheta 
domesticus (Nowosielski and Patton, 1965). Contrary to the 
above findings, Gavin and Williamson (1976) reported an 
increase in the concentration of haemolymph protein. These 
results suggest that at least a part of the haemolymph 
protein owes its origin to proteins synthesized in the fat 
body (Roth and Porter, 1964; Chippendale and Kilby, 1969, 
1970 and Pathak e^ al., 1985). 
In the present study it has been observed that inten-
sive ingestion of food occurs near the beginning of each 
reproductive cycle. At this stage, the distended gut occupies 
almost the entire abdominal cavity and the ovaries are quite 
small. The haemolymph protein concentration is found to 
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be high during vitellogenesis. During the post-vitellogenic 
period, the ovaries become quite large side-tracking the 
gut and contain significantly rich amount of protein while 
the concentration of protein in the haemolymph is found 
to be low. Slama (1964) showed that proteins contained in 
the total body haemolymph volume represent considerable 
reserves of material necessary to cover the requirements 
of developing eggs. Observations on £. megacephala suggest 
that the growth of the ovaries takes place much at the 
expense of the haemolymph protein in addition to its own 
as has been observed in the light of observations made during 
histochemical studies. These findings further reveal a direct 
correlation between haemolymph protein and ovarian develop-
ment. The physiological relations between these events have 
been suggested by Slama (1964) which are summarised as -
At the beginning of the reproduction cycle the hormones 
are released and the cells which are functionally connected 
with digestion and reproduction, are activated. This is 
followed by an intensive ingestion and digestion which 
results in an increased content of glycogen, fat, protein, 
etc. The haemolymph protein was also increased. During the 
second half of the reproduction cycle the amount of reserve 
materials derived from the food decreases. The concentration 
of these compounds in the haemolymph decreases due to the 
absorption by developing ovaries. 
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The starvation not only affects the growth and deve-
lopment of the body of an organism but also influences the 
major tissue constituents. Protein concentration of insects 
drops to extreme low levels during the enforced starvation 
(Beadle and Shaw, 1950; Orr, 1964 b and Wigglesworth, 1979). 
The adult Celerio utilizes 41% of its protein during starva-
tion before death (Heller, 1926). It has been estimated 
that 22% of the protein was used in Melolontha and 20% of 
protein in Geotrupes during starvation (Slowtzoff, 1904, 
1909). In Bombus protein content falls from 58.3 to 52.1% 
(Slowtzoff, 1905). In Popillia larva, body protein is used 
as an energy source during starvation (Newton, 1954). During 
this period unfed insect consumes its reserves for the pro-
duction of energy. Though no significant reduction in the 
absolute protein content occurred during one month of dia-
pause in the Trogoderma granarium, the absolute protein 
content after 9 months starvation fell from 103.9 to 45.45 
mg/100 larvae (Karnavar and Nair, 1969). 
It has been observed in the £. megacephala that tissue 
protein as well as haemolymph protein fall significantly 
during starvation. Mohammed and Murad (1978) in Laccotrepes 
maculatus have reported that unfed insects utilize both 
blood and tissue protein during starvation. It can be 
presumed that the tissue protein may serve as an important 
reserve in the manner of haemolymph protein (Chen, 1966). 
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The effect of starvation on oocyte development has been 
attributed to the decrease in the amount of vitellogenic 
precursors required for its continued development (Highnam 
et al. , 1966). This is evidenced by the depletion of blood 
protein since yolk deposition seems to involve protein 
incorporation from the haemolymph (Benozzati and Basile, 
1978). The protein content of haemolymph is significantly 
reduced in starved Oxya japonica (Lim and Lee, 1981). A 
similar decrease in blood protein has also been observed 
by Jutsum ejt a].. (1975) in 4-day-old 5th instar larvae of 
Locusta during starvation, although the haemolymph protein 
in fasting adult locust does not change significantly. 
In the present study, virgins have been found conta-
ining lesser quantity of ovarian protein than the fed mated 
females. However, the quantity was found to be approximately 
equal to that of starved ones. Gunn and Gatehouse (1986) 
showed that unmated females have more abdominal protein 
than mated females. Pemrick and Butz (1970 a) reported a 
cyclic pattern of fat body protein for both the unmated 
and the mated females. They further suggested a modification 
in this pattern on mating which altered the release of neur-
osecretion and subsequently the rate of ovarian development. 
Mordue (1965 b) concluded that protein production is associ-
ated with and controlled by endocrine factors. It has been 
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postulated that neurosecretory system is less active in 
virgin females. It can be reflected in the sense that synth-
esized neurosecretory factors are not released from the 
system but accumulate there (Mordue, 1965 a). Highnam and 
Lusis (1962) in unmated females of Schistocerca gregaria 
have reported accumulation of a stained material in the 
neurosecretory system. A slower build up of proteins has 
also been reported in females reared without mature males 
(Hill/ 1962). In the light of foregoing discussion, it may 
be concluded that a slower accumulation of protein occurs 
in the ovaries due to less production of haemolymph protein 
and this leads to the lower concentration of protein in 
the ovaries of virgins. 
Nucleic acids; 
A biochemical parameter that may be used to follow 
ovarian development is RNA besids DNA-synthesis which is 
also an index of protein synthesis and growth. The present 
observations have been made in the mature ovaries which 
contain on an average 3.9 mg% RNA reflecting a high level 
of protein in the mature ovaries. This is broadly in line 
with the findings of several workers (Mitlin and Cohen, 
1961; Orr, 1964 b and Miller and Perry, 1968), who showed 
that mature ovaries contain the highest concentration of 
RNA. RNA content in the ovary increases with age. The 
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increase of RNA possibly reflects the explosive growth of 
the maturing oocytes (Mitlin and Cohen, 1961). On the other 
handj the observations of Makhover (1959) reveal a decrement 
in the RNA content of the oocytes following the onset of 
maturation. Burr and Hunter (1969) have reported that females 
have higher RNA content than the males. They attribute this 
fact to the higher RNA content in the eggs which might be 
the basis of the high RNA content of females. 
The synthesis of ribonucleic acid is one of the pro-
minent features of the nurse cells in polytrophic ovaries 
(Pollack and Telfer, 1969; Bier, 1970; Engelmann, 1970 and 
Telfer, 1975). The follicle cells are also known to be rich 
in RNA in various insect species as reviewed by Engelmann 
(1970). In Hyalophora cecropia, the increase in RNA in the 
"^  whole ovary has been shown to be linked mainly to its conce-
ntration in the follicle cells (Pollack and Telfer, 1969). 
Much of the product is destined for storage in the developing 
oocyte and supports synthetic processes in the embryo. 
Thereafter, the high RNA/DNA ratio may be related to protein 
synthesis in the follicle cells. After formation of the 
chorion, the follicle and nurse cells disintegrate, which 
may account for the marked loss of DNA and RNA from the 
ovary in late pharate adult. But large amount of both the 
nucleic acids are still found in the mature eggs, possibly 
deposited in the yolk (Chinzei and Tojo, 1972). 
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Ring (1973) in Lucilia sericata demonstrated that 
RNA/dry weight level in the adult stage declines steadily 
while DNA/dry weight level remains relatively constant 
throughout the life span. In the egg, the RNA/DNA ratio 
shows extremely high values which indicates the high degree 
of synthetic activity that takes place during embryogenesis. 
Lennie e^t^  aJ^. (1967) reported an increase in the amount 
of RNA and Df^ A per insect with the maturation of the fly. 
These values are in agreement with those previously•reported 
by Howells and Birt (1964). Koeppe et^  ai.. (1981) have demon-
strated the increased rate of DNA synthesis in Leucophaea 
maderae during vitellogenesis whereas the rate is arrested 
during chorion deposition. These findings are fully suppor-
ting the low concentration of DNA in mature ovaries of C. 
megacephala, i.e., 0.09 mg/100 mg wet weight of tissue. 
Harris and Forrest (1967) have also detected a very small 
amount of DNA in Oncopeltus eggs. DNA synthesis appears 
to be juvenile hormone - induced process (Koeppe and Wellman, 
1980). In the pharate adults of Bombyx mori, the loss of 
the nucleic acids from the fat body coincides with the gain 
in the integument and the ovary. These concurrent changes 
suggest that the fat body may store the nucleic acids 
released from the degenerating silk glands as reserve and 
later supply them to the growing adult tissues (Chinzei 
and Tojo, 1972). Electron microscopic observations showed 
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disintegration of fat body cells and liberation of their 
contents at this stage (Ishizaki, 1965 and Walker, 1966). 
Kaur e_t^  aLl. (1985) demonstrated that the process 
of protein synthesis in Zabrotes subfasciatus gets interrup-
ted, following the loss in RNA contents of the insect body. 
There are reports of loss of r-RNA from the animal cells 
when the rate of protein synthesis declines, either by star-
vation (Hayashi and Kazmierowski, 1972) or by deprivation 
of amino acids (Maden e_t al. , 1969). The nucleic acids level 
showed a decline both in the ovaries as well as haemolymph 
after starvation in C. megacephala. From the aforesaid dis-
cussion, it may be derived that during starvation insects 
make use of the reserve material stored in the tissue along-
with the haemalymph which might be the basis for the low 
content of nucleic acids in ovaries and haemolymph of this 
insect. 
In the present experiments very high concentration 
of RNA has been detected in the haemolymph of both the 
protein-fed and the sugar-fed flies while the concentra-
tion of DNA has been very low in comparison to RNA which 
suggests a high protein synthesis. The present findings 
are in contrast to the observations of Price (1965) who 
detected a very low concentration of nucleic acids in the 
haemolymph. The nucleic acids level in haemolymph of 
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C. megacephala is low in sugar-fed flies than in protein-
fed ones. This suggests that quantitative changes in 
nutrition may also have an effect on the level of nucleic 
acids in haemolymph which is not synthesized in the proper 
amount so as to initiate vitellogenesis. McCaffery (.1975) 
has suggested that feeding may affect the vitellogenic 
process by altering the concentration of nutrients in the 
haemolymph and/or by affecting the hormonal balance of 
the insect. He further demonstrated that oocyte development 
in Locusta migratoria migratorioides is not initiated in 
females which are fed on poor and low protein grass. 
Like protein, nucleic acids are also sequestered 
from the haemolymph to the ovaries. The present study reveals 
that haemolymph nucleic acids level decreases in the 5-
day-old flies as compared to 3-day-old ones in both the 
protein-fed and the sugar-fed flies. 
In virgins, nucleic acids concentration is found 
to be approximately equal to that of starved females, but 
it is significantly low in comparison to fed-mated females. 
These observations may lead to the conclusion that in 
C. megacephala, mating also becomes necessary for the nucleic 
acids synthesis. In the Tenebrio molitor, the pattern of 
fat body RNA synthesis for unmated and mated females followed 
the cyclic pattern of protein synthesis (Pemrick and Butz, 
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1970 a, b) and ovarian development (Mordue, 1965 a). Similar 
cyclic patterns for protein (Pemrick and Butz, 1970 a) 
and RNA synthesis (Pemrick and Butz, 1970 b) are a reflec-
tion of the metabolic state of the insect and an indication 
to a cyclic turnover of certain protein templates in the 
fat body. Pemrick and Butz (1970 a, b) also pointed out 
significant differences between unmated and mated females 
for RNA synthesis and protein synthesis and further suggest 
that this cyclic pattern could be modified by external 
factors- viz., mating. This, in turn, affects the release 
of neurosecretion and subsequently the rate of ovarian 
development. It is probable that neurosecretions from the 
brain may have stimulated fat body RNA synthesis (Pemrick 
and Butz, 1970 b). 
Glycogen;-
Sufficient literature is available on the total 
glycogen content in the whole insect but that on a parti-
cular tissue or organ is scanty except works on glycogen 
content of chitin (Bade and Wyatt, 1962) and of fat body 
(Saito, 1963 and Wiens and Gilbert, 1967). Several studies 
have been carried out for the determination of glycogen 
during development in Bombyx mori (Chino, 1957 a,b and 
Zaluska, 1959), Hyalophora cecropia (Bade and Wyatt, 1962), 
Samia cynthia (Chang et^  al. , 1963), Musca domestica (Ludwig 
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et al.. , 1964) and Tenebrio molitor (Ludwig and Ramazzotto, 
1965). 
The glycogen reserve appears to be mobile in terms 
of breakdown and rapid synthesis. Orr (1964b) reported 
in Phormia regina that carbohydrate remains very low until 
the ovary is fully developed, but during the final stages 
of development it increases which perhaps represents the 
oviductal secretion. Nettles and Betz (1965) have reported 
that eggs contain the highest titre of glycogen. Wiens 
and Gilbert (1967) demonstrated that changes in the fat 
body glycogen reserves of female LeucoiQiaea maderae during 
the reproductive cycle follow a biphasic curve during 
oogenesis. The glycogen in the ovary increases slowly. 
Glycogen is accumulated in Calliphora during larval 
development, most of which is utilized during metamorphosis 
(Hoglund, 1976). Its principal use is in the formation of 
chitin, only small amount being used as an energy source 
(Crompton and Birt, 1967 and Stafford, 1973). Agrell (1952) 
has shown that most of the energy supply is derived from 
the fat decomposition. D'Costa et^  aJ.. (1973) have demonstra-
ted that in sharp contrast to other Diptera, the blowflies 
rely mainly on carbohydrate as a metabolic fuel (Sacktor, 
1965). The early observations of Bursell (1958, 1963) have 
been confirmed by Norden and Paterson (1969, 1970). In their 
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comparative studies on carbohydrate metabolisin in tsetse 
flies and blowflies, they have reported about 3000 timei 
more glycogen in the blowfly than in the tsetse fly. These 
results include the abdominal fat body stores of glycogen 
which are the major depots of this substance in the' body 
(Wigglesworth, 1949). However, Kubista and Bartos (1960) 
have observed different concentrations of glycogen in 
different parts of the body of the same insect. 
In the present investigations, the concentration 
of glycogen has been found to be higher in the blood of 
sugar-fed flies than in protein-fed flies and it has also 
been observed that the glycogen concentration in protein-
fed group is significantly reduced in haemolymph of 5-day-
old flies as compared to 3-day-old ones. These observations 
suggest that blood glycogen is made available for the growth 
of oocytes in protein-fed flies and becomes low in the haem-
olymph while in sugar-fed flies little or no glycogen is 
made available for the growth of oocytes. This may be the 
reason for the higher amount of blood glycogen in this group 
of flies. The present observations are in concordance with 
the findings of Orr (1964b) in Phormia regina which show 
a lower level of blood carbohydrate in the 'medium'-fed 
flies as compared to those fed on sugar. The variation in 
blood sugar levels in adult Phormia no doubt reflect on 
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different feeding conditions of the various experiments 
(Evans and Dethier, 1957). The physiological state, age 
and diet have also been reported to influence the titre 
of glycogen in the boll weevil (Nettles and Betz, 1965). 
One of the most striking differences in glycogen content 
is the one caused by diet. It is a well known fact that 
carbohydrate rich diet leads to the accumulation of glycogen 
in insects (Babers, 1941 and Wigglesworth, 1942). Some 
apparent glycogen has also been reported in the haemolymph 
of silk worm (Shigematsu, 1956; Wyatt and Kalf, 1957), blowfly 
(Clegg and Evans, 1961; Childress et^  al. , 1970), black fly 
(Liu and Davis, 1971) and some other insects (Buck, 1953). 
In Prodenia, 3.3 mg% blood glycogen was found and it was 
apparently all in the cells (Babers, 1941). Materials inter-
ferring in the glycogen analysis occur also in Gastrophilus 
blood (Levenbook, 1950). Glycoproteins are one possible 
source of such problem (Wyatt, 1961). Glycogen has been 
reported absent from the blood of bee-wax moth (Roy, 1937) 
and bee larvae (Ronzoni and Bishop, 1929). 
It is apparent from the present study on C. megace-
phala that glycogen concentration in starved flies decreases 
significantly in the ovaries as well as in the haemolymph. 
These results lead to the conclusion that like protein and 
nucleic acids, blowfly also utilizes glycogen during starva-
tion. Jalees e^ aJ.. (1976) have also reported a higher amount 
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of glycogen in fed insects than the starved ones and it 
was found to be inversely proportional to the period of 
starvation. It has been found that glycogen is used only 
at a later period of starvation (Lenartowicz and Niemierko, 
1968), during anaerobiosis and at low temperature, whereas 
in the early period of starvation and during metamorphosis 
they tend to increase (Niemierko and Niemierko, 1964). The 
effect of starvation on the utilization of body glycogen 
has also been studied in Aedes aegyptii (Wigglesworth, 1942) 
and Popillia japonica (Ludwig and Wugemister, 1953). Starva-
tion results in a decrease in haemolymph carbohydrate and 
glycogen reserve of the fat body (Goldsworthy, 1969; Jutsum 
et al. , 1975 and Mwangi and Goldsworthy, 1977). Hill and 
Goldsworthy (1970) have observed that in Locusta the fat 
body glycogen is utilized before the use of fat body lipid 
as a source of energy during starvation. Haemolymph carbo-
hydrate maintains a constant level during the initial phase 
of starvation and falls thereafter. During starvation muscles 
may break and their products used as an energy source. Lim 
and Lee (1981) have demonstrated a significant decrease 
in total ovarian and haemolymph carbohydrate in adult grass-
hoppers starved for 96 hours. They further showed that 
metabolite contents of the fat body also reduce significantly 
in starved insects indicating that metabolites of the fat 
body were being mobilized to supply the' needs of the starving 
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insect. In the mealworm larvae, starved at 30°C, the glycogen 
falls from 2.04% to 0.5% of the wet weight (Mellanby, 1932). 
In larvae of Popillia japonica, starved for one month, 80% 
of glycogen is consumed (Ludwig and Wugemister, 1953). 
Glycogen is abundantly used in Drosophila (Wiggleswprth, 
1949). Fall in glycogen concentration at the time of starva-
tion has been found in normal as well as in diapausing 
insects (Karnavar and Nair, 1969). 
The observation of Kotake and Sera (1909) that 
carbohydrate decreases faster than fat seems to be irrelevant 
because of the continued utilization of carbohydrate for 
respiration and other purposes, in addition to its conversion 
into fat (Jalees, 1975). The conversion of fat into glycogen 
has been proposed by Couvreur (1895). The suggestion that 
carbohydrate is synthesized at the expense of the fat body, 
was mooted by many workers like Agrell (1947), Bade and 
Wyatt (1962), Ludwig e^ al. (1964) and George and Nair (1964), 
since the net synthesis of carbohydrate from fat apparently 
can not take place in higher animals, owing to the irrever-
sibility of pyruvate oxidase reduction, the possibility 
of this conversion in insect is of great interest. 
The glycogen from the fat body is mobilized during 
the reproductive cycle to supply energy for the synthesis 
and transfer of materials to the oocytes. However, the sites 
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of glycogen storage have dissimilar concentration patterns 
during the reproductive cycle. This suggests that the 
separate sites may be regulated independently by metabolic 
or hormonal means (Hasegawa and Yamashita, 1965). A mechanism 
which regulates the quantity of glucose converted into either 
triglyceride or glycogen has been postulated by Van Ha?«;del 
and Lea (1965) in female Aedes. In the present study, the 
low glycogen titre in the ovarian tissues of virgins of 
C. megacephala is perhaps due to the inactivation of corpus 
allatum. It has been reported by Gerber (1975) that accumu-
lation of eggs in unmated females of Tenebrio molitor causes 
the inactivation of corpus allatum, thereby inhibiting vite-
llogenesis. The gonadotropic hormone released from the corpus 
allatum facilitates the movement of fats, proteins and 
glycogen into the egg (Davey, 1967). In many cases, however, 
the neurosecretory system also plays a significant role 
in accumulation of yolk in the eggs (Thomsen, 1952). The 
degradation of glycogen has been demonstrated to be hormo-
nally controlled in some insects (Steele, 1963 and Wiens 
and Gilbert, 1965). Other studies also indicate that certain 
aspects of glycogen synthesis may also be hormonally regula-
ted in insects (Hasegawa and Yamashita, 1965). 
Phospholipids;-
Since most of the studies are on the phospholipids 
of whole insects, it is difficult to correlate the present 
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findings with earlier works due to the fact that the compo-
sition of individual organs may be quite different from 
that of the whole insect. Orr (1964 b) in Phormia regina 
has reported an increase in the lipid content during ovarian 
maturation. He also demonstrated the need of a large amount 
of lipid and small amounts of glycogen and trehalose in 
addition to protein for the egg development. In the ovaries 
of C. megacephala, phospholipid concentration decreased 
significantly in starved conditions. The appearance of lipids 
in the ovaries of starved Aedes atropalpus could be accounted 
for by the disappearance of lipids from the abdomen (Handel, 
1976). But the origin of phospholipid and glycogen in mature 
ovaries could not be so easily traced by chemical analysis. 
Most dipterous insects contain an unusual phospho-
lipid pattern (Fast, 1966). The possibility remains, however, 
that some organs in these insects might have a different 
phospholipid composition from the one found in the whole 
insect. Castillon e_t al.. (1971) have observed that the eggs 
°^ Ceratitis capitata contain 23 pg phosphorus/100 mg wet 
weight. The large quantities of lipids in the reproductive 
organs are located in the eggs which comprise the bulk of 
the weight of the organs. Neutral lipids other than trigly-
cerides and phospholipids occur in much smaller amounts 
in the fat body (Bailey, 1975). 
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Phospholipids have not been observed to undergo a 
marked change during the development in Lucilia cuprina 
(D'Costa and Birt, 1966) and Musca domestica (Bridges and 
Cox, 1962). Kinsella (1966) has reported the use of the 
neutral lipids in the synthesis of phospholipids. The larvae 
of Phormia regina have been found to contain higher amount 
of phospholipid as compared to eggs but nevertheless this 
does not necessarily reflect the synthesis of phospholipids. 
However, this could be due to the preferential loss of other 
constituents of the egg during embryogenesis (Bieber ejt al. , 
1961). Relative constancy of phospholipids during pupal-
adult period may be due to either balance of degradation 
and synthesis or by the extensive use of the larval material 
in adult tissues (Kalra et^  al. , 1969). Dhillon ejt al. (1983) 
have demonstrated very high concentration of total lipids 
in the ovaries of Mylabris pustulata which is due to bulk 
synthesis for the deposition of yolk lipids in developing 
eggs. Phospholipid in the various tissues of M. pustulata 
has been found to range from 2 to 9%. They further sugges-
ted that the difference between tissues may be due to the 
differential rate of neutral lipid utilization during various 
phases of life resulting in the varying amount of phospho-
lipid. In Leucophaea, phospholipid constitutes 8 to 10% 
of the total lipid as observed by Gilbert (1967 b), in 
Anthonomus gr^is, 3.0% (Thompson £t al., 1972), in Sitophilus 
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oryzae, 17.0% and Sitophilus zeamais, 26.0% (Yadava and 
Musgrave, 1972). 
Higher amount of phospholipid in the fat body of 
the house fly has been shown by Bridges and Price (1970) 
suggesting that the fat body is the main site of phospholi-
pid synthesis which is transported to other tissues via 
haemolymph in the form of lipoproteins (Thomas and Gilbert, 
1967 and Bridges and Price, 1970). Lipids are an important 
energy source for insect metabolism while phospholipids 
play important role in membrane structure and enzyme mediated 
reactions (Green, 1959 and Gilbert, 1967 a). The spatial 
configuration of the mitochondrion depends on the presence 
of requisite phospholipids (Petrushka et^  ^'> 1959). Their 
importance in oxidative phosphorylation is well known (Green 
and Fleischer, 1963). Without phospholipid, the mitochondrion 
ceases to function. In addition, phospholipids may be a 
source of energy for the cell as the fatty acid moieties 
of the molecules can be oxidised to yield relatively high 
quantities of energy in the form of ATP (Gilbert, 1967 a). 
In Hyalophora cecropia, the polyunsaturated fatty acids 
are transported in the form of phospholipids (Ansell and 
Hawthorne, 1964). 
The developmental study of the phospholipid content 
of Bombyx mori, Niemierko et al. (1956) shows that the 
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quantity of phospholipid as percentage of total lipid reaches 
a maximum at the end of metamorphosis. They postulate 
synthesis of phospholipid towards the latter part of adult 
development. Sridhara and Bhat (1965) reported that 23% 
of the larval lipid of Bombyx mori is phospholipid while 
in pupae and adults the phospholipid is only 18 to 19% of 
total lipid. It appears that these phospholipids in Acta 
caia are utilized during the adult life as the quantity 
of lipid phosphorus diminishes alongwith the age of the 
moth (Gilbert, 1967 a). 
The present study demonstrates that the phospholipid 
concentration decreases significantly in the starved females 
while it gets elevated in the fed virgin females. Lim and 
Lee (1981) have reported a decrease in total lipid of the 
starved grasshoppers. Contrary to these results, the haemo-
lymph lipid of adult male and female Locusta migratoria 
increased when the insects were deprived of food' (Jutsum 
et al., 1975 and Mwangi and Goldsworthy, 1977). From the 
foregoing discussion it appears that grasshoppers and larvae 
of locusts make use of carbohydrate, lipid and protein during 
starvation. This depletion of haemolymph and fat body meta-
bolites under conditions of starvation is supposed to be 
not due to vitellogenic activity. A limited amount of lipid 
gets deposited in the ovary but this is not sufficient to 
account for the drop in haemolymph and fat body lipid of 
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the starved insects (Lim and Lee, 1981). 
Insect lipids are derived from the diet and/or syn-
thesized from non-lipid precursors such as carbohydrates 
and proteins which are present in the diet or stored in 
the tissue (Bailey, 1975). In Bombyx mori, silk glands have 
significant quantity of phospholipid {Sridhara and Bhat, 
1965). Which is linked with the synthesis of protein as 
has been shown in the rat by Hokin and Hokin (1956 a,b) 
and Hendler (1959, 1961). 
It has been observed in the present study that phos-
pholipid concentration is enhanced in the virgins in contrast 
to the mated females. Weed-Peiffer (1945) has reported that 
the corpora allata elaborate a hormone with a primary func-
tion in the adult females to facilitate the mobilization 
or production of materials necessary for egg growth. Another 
function of this hormone postulated by her was to induce 
the utilization of stored lipids. Vroman and his colleagues 
(1965) concluded that corpora allata regulate the metabolism 
of phospholipids and triglycerides by controlling the mecha-
nism responsible for the utilization of lipids. As has been 
shown by the studies of earlier workers infertilization 
causes the inactivation of the corpora allata (Nayar, 1958 
and Coles, 1965 b) which, in turn, suppress the utilization 
of accumulated phospholipid in the ovaries. Vroman et al. 
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(1965) also concluded that the turnover of triglycerides 
and phospholipids in the allatectomized roaches was slower 
than in the normal ones. 
Cholesterol;-
In Mylabris pustulata, Dhillon e^ a]^. (1983) reported 
that mature ovaries contain very high concentration of chol-
esterol. These authors further suggested that females require 
more cholesterol for the maturation of eggs which in turn 
reflects the high quantity of cholesterol in the mature 
eggs of the ovaries. The present study on C. megacephala, 
however, reveals that the mature ovaries of mated fed 
females contain insignificant amount of cholesterol in 
contrast to the findings of Dhillon et_ aJ.. (1983). But the 
present observations are in accordance with the findings 
of Zaidi and Khan (1974) in Dysdercus cingulatus which 
suggest only a little amount of cholesterol in mature ovaries 
in comparison to immature ones. Further, in mature ovaries 
the decline in cholesterol concentration is not related 
to the loss of cholesterol through the oviposited eggs (Zaidi 
and Khan, 1974). Other workers have reported that eggs have 
highest amount of cholesterol than other stages. Ichimasa 
(1975) in Bombyx mori reported predominant level of choles-
terol occupying more than 80% of the ovary sterol. Al-Izzi 
and Hopkins (1982) have reported about 61% cholesterol in 
the eggs of Diatraea grandiosella and the rest campesterol 
in contrast to the small amount of cholesterol in the spent 
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adults. Kalra et_ al. (1969) in Culex pipiens fatigans 
observed significant amount of cholesterol only in eggs 
and newly hatched larvae. All these findings indiacate the 
necessity of cholesterol for ovarian development or oogenesis. 
In starved females of Chrysomya megacephala, the 
cholesterol concentration in the ovaries gets decreased. 
Kalra et_ al. (1969) in C. p. fatigans have also reported 
an insignificant amount of cholesterol in unfed adults. 
It is, however, well known that insects lack the capacity 
of synthesizing cholesterol. They require a good amount 
of cholesterol in diet for their development and reproductive 
activity. In starved females the supply of cholesterol in 
diet gets interrupted so that they make use of tissue chol-
esterol for the synthesis of steroids, presumably the sex 
pheromones (Zaidi and Khan, 1974). Monroe et^  al. (1967) 
showed that female flies efficiently utilized the sterols 
of larval origin for egg production when maintained on sterol 
free diets. It may be inferred from these results that adult 
flies incorporated large amount of cholesterol in the eggs. 
Further Clayton (1964) indicated that cholesterol is utilized 
as a structural component of the membranes of cells and 
subcellular components. 
The cholesterol concentration in the ovaries of 
virgin — fed females of Chrysomya megacephala gets elevated. 
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Despite the normal growth of the eggs in virgins of this 
species, the egg laying was absent. These two processes 
thus seem to be independent of each other in C. megacephala. 
Mundall (1978) reported a neuronal control of oviposition. 
In unmated females of Tenebrio molitor the inactivation 
of corpus allatum is due to the accumulation of eggs (Gerber, 
1975). This does not preclude the possibility that a factor 
is produced in the genital tract of virgins which inhibits 
the corpus allatum, hence the vitellogenesis. It may be 
surmised from these observations that in the absence of 
mating, cholesterol fails to become converted into steroids 
and gets accumulated in the ovaries which is the cause for 
higher amount of cholesterol in virgins. 
It may be argued that the absence of mating or 
infertilization inactivates the corpora allata. Hagedorn 
(1974) suggested that a blood meal triggers the release 
of a hormone from the median neurosecretory cells (MNC) 
(Egg development neurosecretory hormone by Lea, 1972) which, 
in turn, stimulates the ovaries to synthesize and release 
ecdysone. Ecdysone is a steroid hormone which is derived 
from cholesterol. The hormone from the MNC may not be 
released due to inactivation of corpora allata and thus 
no ecdysone could be synthesized and released into the hae-
molymph. It may lead to the accumulation of higher amount 
of cholesterol in the ovaries. 
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Summary 
1. Various chemical constituents like protein, nucleic acids, 
glycogen, phospholipid and cholesterol have been studied 
in the ovarian tissues and haemolymph of C. megacephala 
in relation to age, starvation, food and mating. However, 
the estimation of phospholipids and cholesterol in the 
haemolymph could not be taken up due to some technical 
problems. 
2. In fed-mated females, ovarian tissues contain very high 
concentration of protein and RNA while DNA, glycogen, 
phospholipids and cholesterol are present only in small 
amounts. 
3. In haemolymph, RNA was present in higher amount as compared 
to protein, DNA and glycogen. 
4. There was a significant decrease in all the chemical cons-
tituents following starvation but the decrease in DNA 
is only marginal. 
5. Protein, RNA, DNA and glycogen decreased significantly 
in ovaries of virgin fed-females while the concentration 
of phospholipids increased. The change in concentration 
of cholesterol is insignificant. 
6. In 5-day-old protein-and sugar-fed females, a significant 
decrease has been observed in protein and glycogen concent-
ration while RNA and DNA did not show any significant 
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change and only a marginal decrease occurred in the concen-
tration of these constituents. 
7. Lower concentration of haemolymph protein has been observed 
in 3-day-old sugar-fed flies in comparison to the protein-
fed flies. The difference in the amount of RNA, DNA and 
glycogen was not so significant in this group of flies. 
8. Five-day-old sugar-fed flies showed significant decrease 
in the amount of protein, RNA and DNA in the haemolymph 
while the glycogen showed only a marginal decrease. 
9. Ovarian development did not take place in sugar-fed flies 
while protein—fed flies showed normal development. The 
present observations have led to the conclusion that an 
adequate protein diet is essential for the development 
of the ovaries which may operate by elevating the total 
protein content or the other constituents in the haemolymph 
which initiate and sustain ovarian development. 
10. Fluctuations in the levels of these constituents in the 
haemolymph has been correlated with ovarian development. 
11. It has been suggested that all these constituents are 
sequestered from the haemolymph to the tissues. It has 
been observed that the level of these constituents decreased 
in 5-day-old flies as compared to 3-day-old flies in both 
protein-fed and sugar-fed groups. 
12. In fed-virgins, lesser amount of ovarian protein is obser-
ved which seems to be due to the slow accumulation of 
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proteins in them from haemolymph. Starved females also 
showed a lower concentration of proteins because proteins, 
which were build up during vitellogenesis were utilized 
in starvation. 
13. In protein-fed flies, blood glycogen was sequestered to 
the oocytes while in sugar-fed flies, although the concent-
ration remained high, little or no glycogen was made 
available for the growth of the oocytes. 
14. Blood glycogen concentration has been approximately equal 
in both groups of flies. It shows that carbohydrate diet 
leads to the accumulation of glycogen and was responsible 
for the higher concentration of glycogen in sugar-fed 
flies. 
15. Flies utilize glycogen next to protein as an energy source 
during starvation. 
16. In fed-virgins a lower concentration of glycogen has been 
observed in comparison to fed-mated famales. It may, there-
fore, be concluded that absence of mating inactivates 
the corpora allata which results in less mobilization 
of glycogen in this group of flies and, in turn, low amount 
of glycogen is made available to the oocytes. 
17. Ovaries contain very small amount of lipid phosphorus 
and cholesterol which may be due to lesser requirement 
of reserves during the incubation period which is very 
short in C. megacephala. 
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18. In the starved flies, phospholipid and cholesterol concen-
tration further decreased which shows that flies also 
make use of these constituents during starvation. 
19. Fed-virgins showed higher concentration of phospholipid 
and cholesterol in comparison to fed-mated females. The 
higher concentration in this group might have been due 
to hormonal imbalance. 
BIBLIOGRAPHY 
169 
ABRAM, L.J. and FROIMSON, A.I. (1987): Myiasis (maggot infec-
tion) as a complication of fracture management. Case 
report 
10: 625 
and 
-631. 
review of the literature. Orthopedics, 
ADAMS, T.S. and HINTZ, A.M. (1969): Relationship of age, 
ovarian development, and the corpus allatum to mating 
in the housefly, Musca domestica. J. Insect Physiol., 
15: 201-215. 
ADAMS, T.S. and 
pheromone 
Hippelates 
MULLA, M.S. (1968): Ovarian development, 
production, and mating in the eye gnat, 
collusor. J. Insect Physiol., 14: 627-635. 
ADAMS, T.S. and REINECKE, J.P. (1979): The reproductive 
physiology of the screw worm Cochliomyia hominivorax 
(Diptera: Calliphoridae). I. Oogenesis. J. Med. Ent., 
15: 472-483. 
ADHAM, F.K. and HASSAN, A.O. (1979): Laboratory studies on 
the mating behaviour of the blowflies Chrysomyia albiceps 
(Wied'smann) (Diptera: Calliphoridae). J. Egypt. Soc. 
Parasitol., 9: 105-113. 
ADHAM, F.K., ZOHDY, N.Z. and YERAMIAN, M.A. (1980): Studies 
on the mating behaviour of the flesh fly Parasarcophaga 
argyrostoma (Robineau-Desvoidy) (Diptera:Sarcophagidae). 
J. Egypt. Soc. Parasitol., 10: 349-357. 
ADLAKHA, V. and PILLAI, M.K.K. (1975): Involvement of male 
accessory gland substance in the fertility of mosquitoes 
(Diptera: Culicidae). J. Insect Physiol., 21: 1453-1455. 
AGGARWAL, S.K. (1962): Histochemistry of vitellogenesis in 
the silkworm, Bombyx mori L. Res. Bull. Punjab Univ., 
(N.S.), 13: 47-69. 
AGGARWAL, S.K. (1963); Histochemical studies of yolk synthesis 
in Dysdercus cingulatus. Proc. XVI Int. Cong. Zool., 
Washington D.C., 2: 282. 
AGGARWAL, S.K. (1967): Morphological and histochemical studies 
on oogenesis in Callosobruchus analis Fab. (Bruchidae: 
Coleoptera). J. Morph., 122: 19-34. 
•AGRELL, I. (1947): Thermal adjustment and respiratory metabo-
lism. Arkiv. Zool,, 39: 1-48. 
*AGRELL, I. (1952): The aerobic and anaerobic utilization 
of metabolic energy during metamorphosis. Acta Physiol. 
Scand., 28: 306-335. 
170 
AGUI, N., TAKAHASHI, M. , WADA, Y., IZUMI, S. and TOMINO, 
S. (1985): The relationship between nutrition, vitello-
genin, vitellin and ovarian development in the house 
fly, Musca domestica L. J. Insect Physiol., 31: 715-722. 
AL-IZZI, A.J.M. and HOPKINS, T.L. (1982): Dietary sterol 
utilization during development and reproduction of 
the corn borer, Diatraea grandiosella. Comp. Biochem. 
Physiol., 71(B): 637-641. 
AL-KHALIDI, N.W. and SHAREEF, A.M. (1985): Myiasis in a turkey. 
Avian Diseases, 29: 1235-1238. 
ALLEN, R.R. and NEWBURGH, R.W. (1965): Phospholipid composition 
of fat bodies of Sarcophaga bullata. J. Insect Physiol., 
11: 1601-1603. 
ANANTHAKRISHNAN, T.N. (1988 a): Oocyte-follicle cell dynamics 
in Arrhenothrips ramakrishnae Hood (Insecta:Thysanoptera) 
I. Proc. Indian Acad. Sci. ( Aniin. Sci.)/97: 1-12. 
ANANTHAKRISHNAN, T.N (1988 b): Oocyte-follicle epithelial 
Cell dynamics in Arrhenothrips ramakrishnae Hood 
(Insecta: Thysanoptera). II. Observations on the pre-
terminal and terminal oocytes. Proc. Indian Acad. 
Sci.(Aniin. Sci.), 97: 13-27. 
ANDERSON, E. (1964): Oocyte differentiation and vitellogenesis 
in the roach Periplaneta americana. J. Cell Biol., 
20: 131-135. 
ANDERSON, L.M. and TELFER, W.H. (1969): A follicle cell cont-
ribution to the yolk spheres of moth oocytes. Tissue 
cell, 1: 633-644. 
ANDERSON, L.M. and TELFER, W.H. (1970): Trypan blue inhibition 
of yolk deposition - a clue to follicle cell function 
in the cecropia moth. J. Embryol. exp. Morph., 23: 
35-52. 
ANSARI, M.S. and MURAD, H. (1981): Histomorphology of the 
female reproductive organ of the cattle fly, Hippobosca 
maculata Lch. (Diptera: Hippoboscidae). Netherlands 
J. Zool., 31: 466-471. 
•ANSELL, G.B. and HAWTHORNE, J.N. (1964); Phospholipids. 
Elsevier, Amsterdam. 
ASH, N. and GREENBERG, B. (1975): Developmental temperature 
responses of the sibling species Phaenicia sericata 
and Phaenicia pallescens. Ann. ent. See. Am., 68: 
197-200. 
AVANCINI, R.M.P. 
putoria 
J. Insect 
and PRADO, 
(Wiedemann) 
Morphol. & 
A.P. (1986): 
(Diptera: 
Embryol., 15; 
171 
Oogenesis in Chrysomya 
Calliphoridae). Int. 
375-384. 
•BABERS, F.H. (1941): 
reference to 
62: 502-530. 
Glycogen in Prodenia eridania with special 
ingestion of glucose. J. Agric. Res., 
BADE, M.L. and WYATT, G.R. (1962): Metabolic conversions 
during pupation of the cecropia silkworm. II. Test 
for glyoxylate cycle. Biochem. J., 83: 4 78-482. 
BAEZ M. , ORTEGA, G. and KURAHASHI, H. (1981): Immigration 
of the Oriental latrine fly, Chrysomyia megacephala 
(Fab.) and the Afrotropical filth fly, Chrysomyia 
chloropyga (Wied.) into the Canary island (Diptera: 
Calliphoridae). Kontyu, 49: 712-714. 
BAI, M.G. and SANKARAN, 
Musca domestica L. 
T. (1985): Seasonal occurrence of 
(Diptera: Muscidae) and other flies 
in relation to their pupal parasites in animal manure 
in and around Bangalore. In Proceedings of a Symposium 
on the Ecology of Animal Populations, Zoological Survey 
of India, India; Zoological survey of India, 133-141. 
BAILEY, E. (1975): Biochemistry of Insect flight. Part II. 
Fuel supply. In "Insect Biochemistry and Function" 
(D.J. Candy and B.A. Kilby, eds.), pp. 89-176, Chapman 
and Hall, London. 
•BAIRATI, A. (1966) 
Drosophila 
5: 265-268. 
Filamentous 
melanogaster 
structures 
Meig. J. 
in spermatic fluid of 
Microsc., Paris, 
•BAIRATI, A. (1968): Structure and ultrastructure of the male 
reproductive system in Drosophila melanogaster Meig.II. 
The genital duct and accessory glands. Monit.Zool.Ital.(NS), 
2:105-182. 
BANSAL, A. and MURAD, H. (1986): Histomorphology of the male 
reproductive organ of the Oriental latrine fly, Chrysomya 
megacephala F. (Diptera: Calliphoridae). Bio-Science 
Research Bulletin, 2: 54-63. 
BANSAL, A. and MURAD, H. (1987): Morphology of the female 
reproductive organ of the Oriental latrine fly, Chrysomya 
megacephala F. (Diptera: Calliphoridae). Jpn. J. Sanit. 
Zool.. 38: 233-238. 
BARTH, R.H. and LESTER, L.J. (1973): Neuro-hormonal control 
of sexual behaviour in insects. Ann. Rev. Ent., 18: 
445-472. 
172 
BARTLETT, G.R. (1959): Phosphorus assay in column chromato-
graphy. J. biol. Chem., 234: 466-468. 
BARTON-BROWNE, L., VAN GERWEN, A.CM. and WILLIAMS, K.L. 
(1979): Oocyte resorption during ovarian development 
in the blowfly Lucilia cuprina. J. Insect Physiol., 
25: 147-153. 
BAUCH, R., ZIESENHENN, K. and GROSKOPFF, C. (1984): Myiasis 
caused by Lucilia sericata in a gangrene of the front 
part of the foot. Angew. Parasitol., 25: 167-169. 
BAUMGARTNER, D.L. and GREENBERG, B. (19 84): The genus Chrysomya 
(Dipter-a: Calliphoridae) in the new world. J. Med-
Ent., 21: 105-113. 
BAUMGARTNER, D.L. and GREENBERG, B. (1985): Distribution 
and medical ecology of the blowflies (Diptera: Calli-
phoridae) of Peru. Ann. ent. Soc. Am., 78: 565-587. 
BEADLE, L.C. and SHAW, J. (1950): The retention of the salt 
and the regulation of the non-protein nitrogen fraction 
in the blood of aquatic larva Sialis lutaria. J. exp. 
Biol., 27: 96-109. 
BEATTIE, G.A.C. and CHENEY, J. (1979): Oogenesis in Lucilia 
cuprina. I. Development of the nurse cell nuclei, 
the oocyte nucleus and the follicle cells. Aust. J. 
Zool., 27: 331-348. 
BENNER, D.B. (1985): Oocyte development and fecundity in 
Megaselia scalaris (Phoridae:Diptera). Int. J. Entomol., 
27: 280-288. 
BENOZZATI, M.L. and BASILE, R. (1978): Studies on protein 
composition and synthesis in the ovary of Rhynchosciara 
americana (Diptera:Sciaridae). Experientia, 34: 17 7-179. 
*BERNT, K.P. and PRUSS, W.R. (1979): Akzessorische Driisen 
im Reproduktion system von Insektenmannchen. Angew. 
Parasitol., 20: 67-76. 
BERRY, S.J., KRISHNAKUMARAN, A., OBERLANDER, H. and SCHNEIDERMAN, 
H.A. (1967): Effect of hormones and injury on RNA 
synthesis in saturnid moths. J. Insect Physiol., 13: 
1511-1537. 
•BHANDARI, K.G. and NATH, V. (1930): Studies on the origin 
of yolk. V. Oogenesis of the red cotton bug, Dysdercus 
cingulatus. Z. zellforach. Mikrosk. Anat. 10: 604-624. 
173 
BIEBER, L.L., BROEKES, V.J., CHELDELIN, V.H. and NEWBURGH, 
R.W. (1961): The isolation of methyl-choline containing 
phospholipid from Phormia regina larvae. Biophys-
Res. Commun., 6: 237-240. 
*BIER, K, (1954): Uber Phasen gesteigerter Protein und Kohlehy-
drate in Lagerung und die fetter Verteilung in 
Hymenopterenovar. Verb Dt. Zool. Gas., 17: 422-429. 
*BIER, K. (1962): Autoradiographische Untersuchungen zur 
Dotterbildung. Naturwissenschaften, 14: 332-363. 
BIER, K. (1963): Synthese, interzellularer transport und 
abbau von ribonukleinsaure in ovary der stubenfliege, 
Musca domestica. J. Cell Biol., 16: 436-440. 
'BIER, K. (1970): Oogenestypen bei Insekten und 
ihre Bedeutung flir die Embryogenese und 
Zool. Anz. (Suppl.), 33: 7-29. 
Vertebraten, 
Phylogenese. 
*BIER, K. , KUNZ, W. and RIBBERT, D. (1967): Structure und 
Funktion der Oocyten-chromosomen und Nukleolen sowie 
der Extra-DNS wahrend der Oogenese panoistischer 
und meroisticher Insekten. Chromosoma (Berl.), 23: 
214-254. 
*BIER, K. and RAMAMURTY, P.S. (1964): Elektronenoptische 
Untersuchungen zur Einlagerung der Dotterproteine 
in die Oozyte. Natuirwises, 51: 223-224. 
BLOOR, W.R., PELKAN, K.F. and ALLEN, D.M. (1922): Determina-
tion of fatty acids and cholesterol in small amount 
of blood plasma. J. biol. Chem., 52: 191-205. 
BLUM, M.S. (1970): Invertebrate testes. In "The Testes" 
(A.D. Jhonson, W.R. Gomes and N.L. Vandemark, eds. ) 
Vol. 2, Academic Press, New York. 
BODNARYK, R.P. and MORRISON, P.E. (1966): The relationship 
between nutrition, haemolymph proteins and ovarian 
development in Musca domestica L. J. Insect Physiol., 
12: 963-976. 
•BONHAG, P.P. (1951): The skeleto-muscular mechanism of the 
head and abdomen of the adult of horse fly (Diptera: 
Tabanidae). Trans. Am. ent. Soc, 77: 132-202. 
BONHAG, P.F. (1955 a): Histochemical studies of the ovarian 
nurse tissues and oocytes of the milkweed bug, 
Oncopeltus fasciatus (Dallas). I. Cytology, nucleic 
acids and carbohydrates. 3. Morph., 96: 381-411. 
174 
BONHAG, 
BONHAG, 
P.F. (1955 b): Histochetnical studies of the ovarian 
nurse tissues and oocytes of the milkweed bug, 
Oncopeltus fasciatus (Dallas). II. Sudanophilia, 
phospholipids and cholesterol. J. Morph., 97: 282-312. 
P.F. (1956): The origin and distribution of periodic 
acid-Schiff-positive substances in the oocyte of 
earwig, Anisolabis maritima (Gene). J. Morph., 
433-463. 
the 
99 
•BONHAG, P.F. (1959): Histological and histochemical studies 
on the ovary of the American cockroach Periplaneta 
amerieana (L). Univ. Calf. Publ. Ent., 16: 81-123. 
BONHAG, P.F. and ARNOLD, W.J. (1961): Histology, histochemistry 
and tracheation of the ovariole sheaths in the 
American cockroach, Periplaneta amerieana (L). J. 
Morph., 108: 107-129. 
BONHAG, P.F. and WICK, J.R. (1953): The functional anatomy 
of the male and female reproductive systems of the 
milkweed bug, Oncopeltus fasciatus (Dallas) (Hetero-
ptera:Lygaeidae). J. Morph., 93: 177-284. 
BOULETREAU-MERLE, J. (1977): Role des spermatheques dans 
1'utilisation du sperme et la stimulation de I'ovog-
enese chez Drosophila melanogaster. J. Insect Physiol., 
23: 1099-1104. 
BOWNES, M. (1986): Expression of the genes coding for vitello-
genin (yolk protein). A. Rev. Entomol., 31; 507-531. 
BOWNES, M. and BLAIR, M. (1986): The effect of a sugar diet 
and hormones on the expression of the Drosophila 
yolk-protein genes. J. Insect Physiol., 32: 493-501. 
*BRACHET, J. (1947): Nucleic acids in the cell and in the 
embryo. Symp. See. exp. Biol., 1: 207-224. 
BRACKET, J. (1953): The use of basic dyes and 
for the cytochemical detection of RNA. Q. 
Sci., 94: 1-11. 
ribonuclease 
Jl. microsc. 
BRENNAN, M.D., WEINER, A.J., GORALSKI, T.J. and MAHOWALD, 
A. P. (1982): The follicle cells are a major site 
of vitellogenin synthesis in Drosophila malanogaster. 
Dev. Biol., 89: 225-236. 
BRIDGES, R.G. and COX, J.T. (1962): Changes in the lipids 
of the housefly during metamorphosis and development. 
Pest, infest. Res., 6: 53-54. 
175 
BROWN, E.H. and KING, R.C. (1964): Studies on the events resulting 
in the formation of an egg chamber in Drosophila melanogaster. 
Growth, 28: 41-81. 
BRAACK, L.E.O. (1986): Arthropods associated with carcasses 
in the northern Kruger National Park. S. Afr. J. Wildlife 
Res., 16: 91-98. 
BRIDGES, R.G. and PRICE, G.M. (1970): The phospholipid compo-
sition of various organs from larvae of the housefly 
Musca domestica, fed on diets deficient in choline. Int. 
J. Biochem., 1: 483-490. 
BUCK, J.B. (1953-): Physical properties and chemical composition 
of Insect blood: In "Insect Physiology" (K.E. Roeder, 
ed. ) John Wiley and Sons, INC, New York, Chapman and 
Hall, London. 
BUHLMANN, G. (1976): Haemolymph vitellogenin, juvenile hormone, 
and oocyte growth in the adult cockroach, Nauphoeta cinerea 
during first pre-oviposition period. J. Insect Physiol., 
22: 1101-1110. 
BURR, M.J. and HUNTER, A.S. (1969): Effect of temperature on 
Drosophila- V. Weight and water, protein and RNA content. 
Comp. Biochem. Physiol., 29: 647-652. 
*BURSELL, E. (1958): Physiological studies on Glossina. Ann. 
Rep. East Afr. Trypanosomiasis Res. Org., Nairobi, pp. 
49-51 (1957). 
BURSELL, E. (1963): Aspects of the metabolism of amino acids 
in the tsetse fly (Glossina morsitans). J. Insect Physiol., 
9: 439-452. 
BURTON, K. (1956): A study of the conditions and mechanism of 
the diphenylamine reaction for the colorimetric estimation 
of deoxyribonucleic acid. Biochem. J., 62: 315-323. 
BURTON, R.L., DARREL. G.H., JOHN, R.S. and JOHN, H.F. (1972): 
Properties of the haemolymph of the corn earworm. Comp. 
Biochem. Physiol. 42(B): 713-716. 
CAMPAN, M. (1982): Ethological study of the development of sexual 
behaviour in Calliphora vomitoria (Diptera: Calliphoridae) 
during the first reproductive cycle. Biol. Behav. 7: 
235-256. 
CARROL, N.V., LANGLEY, R.W. and ROE, J.H. (1956): The determination 
of glycogen in liver and muscle by use anthrone reagent. 
J. biol. Chem., 220: 583-593. 
176 
CARSON, H.L. (1945): A comparative study of the apical cell 
of the insect testes. J. Morph., 77: 141-162. 
CASIDA, J.E., BECK, S.D. and COLE, M.J. (1957): Sterol mechanism 
in the American cockroach. J. biol. Chem., 224: 365-371. 
*CASPERSON, T. (1947): The relation between nucleic acid and 
protein synthesis. Sym. Soc. exp. Biol., 1: 127-151. 
CASTILLON, M.P., CATALAN, R.E., MUNICIO, A.M. and SUAREZ, A. 
(1971): Biochemistry of the development of the insects 
Dacus oleae and Ceratitis capitata: Evolution of Phospho-
lipids. Comp. Biochem. Physiol., 38(B): 109-117. 
CAVE, M.D. and ALLEN, E.R. (1974): Nucleolar DNA in oocytes 
of crickets: Representatives of the subfamilies Oecanthinae 
and Gryllotalpinae (Orthoptera: Gryllidae). J. Morph., 
142: 379-394. 
CHAMBERLAIN, W.F. and BARRETT, C.C. (1968): Incorporation of 
tritiated thymidine into the ovarian DNA of stable- flies. 
Effects of treatment with apholate. Nature (Lond.) 218: 
471-472. 
•CHANG, C.K., LIU, F. and FENG, H. (1963): Metabolism of erisilkworm 
during metamorphosis. I. Changes in the chief constituents 
of the fat body and haemolymph before and after pupation. 
Acta ent. Sin., 12: 412-422. 
CHAPMAN, R.F. (1985): The InsectssStructure and Function. English 
Language Book Society/Hodder & Stoughton. 
CHAUDHRY, H.S. and TRIPATHI, C.P.M. (1976): Histopathological 
effect f-^^ thiourea on the ovarian tissues of Sarcophaga 
ruficornis (Fabr.). Experientia, 32: 103-104. 
CHEFURKA, W. (1965): Some comparative aspects of the metabolism 
in insects. A. Rev. Entomol., 10: 345-382. 
CHEN, P.S. (1966): Amino acid and protein metabolism in insect 
metamorphosis. Adv. Insect Physiol., 3s 53-114. 
CHEN, P.S. (1984): The functional morphology and biochemistry 
of insect male accessory glands and their secretions. 
A. Rev. Entomol., 29: 233-255. 
CHILDRESS, C.C, SACKTOR, B. , GROSSMAN, I.W. and BUEDING, E. 
(1970): Isolation, ultrastructure and biochemical charac-
terization of glycogen in insect flight muscle. J. Cell 
Biol.. 45: 83-90. 
177 
CHINO, H. (1957 a): Carbohydrate metabolism in diapause egg 
of silkworm, Bombyx mori. I. Diapause and the change 
of glycogen content. Embryologia, 3s 295-316. 
CHINO, H. (1957 b): Conversion of glycogen to sorbitol and glycerol 
in the diapause egg of the Bombyx mori silkworm. Nature 
(Lond.), 180: 606-607. 
CHINZEI, Y. and TOJO, S. (1972): Nucleic acid changes .in the 
whole body and several organs of the silkworm, Bombyx 
mori, during metamorphosis. J. Insect Physiol., 18: 1683-
1698. 
CHIPPENDALE, G.M. (1970): Metamorphic changes in haemolymph 
and midgut proteins of the Southwestern corn borer, 
Diatraea grandiosella. J. Insect Physiol., 16: 1909-1920. 
CHIPPENDALE, G.M. and KILBY, B.A. (1969): The relationship between 
the proteins of the haemolymph and fat body during develo-
pment of Pieris brassicae. J. Insect Physiol., 15: 905-
926. 
CHIPPENDALE, G.M. and KILBY, B.A. (1970): Protein synthesis 
in larvae of the large white butterfly, Pieris brassicae. 
Comp. Biochem. Physiol., 34: 241-243. 
*CHOW, C.Y. (1940): The common blue bottle fly- Chrysomyia 
megacephala as a carrier of pathogenic bacteria in Pieping, 
China. Chin. Med. J., 57: 145-153. 
•CHRISTOPHERS, S.R. (1901): The anatomy and histology of the 
adult female mosquito. Rep. Malaria Com. R. Sec. Lend., 
Ser. 4: 20. 
•CHRISTOPHERS, S.R. (1923): The structure and development of 
the female genital organs and female hypopygium of the 
mosquito. Indian J. Med. Res., 3: 371-394. 
CLARK, A.J. and BLOCH, K. (1959): Functions of sterols in Dermestes 
vulpinus. J. bid. Chem., 234: 2583-2588. 
CLAYTON, R.B. (1964): The utilization of sterols by insects. 
J. Lipid Res., 5: 3-19. 
CLAYTON, R.B. and EDWARDS, A.M. (1961): The essential cholesterol 
requirement of the roach, Eurycotis floridana. Biochem. 
Biophys. Res. Commun., 6: 2 81-2 84. 
CLEGG, J.S. and EVANS, D.R. (1961): The physiology of blood 
trehalose and its function during flight in the blowfly 
J. exp. Biol., 38: 771-792. 
178 
CLEMENTS, A.N. and POTTER, S.A. (1967): The fine structure of 
the spermathecae and their ducts in the mosquito, Aedes 
aegypti. J. Insect Physiol., 13: 1825-1836. 
CLIFT, A.D. and McDONALD, F.J.D. (1973): Morphology of the internal 
reproductive system of Lucilia cuprina (Wied.) (Diptera: 
Calliphoridae) and a method of determining the age of 
both sexes. Int. J. Insect Morphol. & Embryol., 2: 327-
333. 
CLIFT, A.D. and McDONALD, F.J.D. (1976): Some relationships 
between diet and ovarian development in Lucilia cuprina 
(Wied.) (Diptera: Calliphoridae). Aust. J. Zool., 24: 
87-93. 
COLES, G.C. (1965 a): The haemolymph and moulting in Rhodnius 
prolixus Stal. J. Insect Physiol., 11: 1317-1323. 
COLES, G.C. (1965 b): Studies on the hormonal control of metabolism 
in Rhodnius prolixus Stal.-I. The adult female. J. Insect 
Physiol., 11: 1325-1330. 
•COLOMBO, G. (1957): Ricerche cytologiche ed histochimiche sull 
oogenesis di Bombyx mori L. (Lepidoptera). J. Arch. Zool. 
Ital., 42: 309-347. 
COLWELL, A.E. and SHOREY, H.H. (1975): The courtship behaviour 
of the housefly, Musca domestica (Diptera: Muscidae). 
Ann. ent. Soc. Am., 68: 152-156. 
•COUSIN, G. (1929): Remarques sur la vie larvaire de Lucilia 
sericata Meig. C.r. Soc. Biol., Ci: 653-654. 
•COUVREUR, E. (1895): Sur la transformation de la graisse en 
glycogene chez le ver a soie la metamorphose. C. r. Seanc. 
Soc. Biol. Ser. 10,2: 796. 
CROMPTON, M. and BIRT, L. (1967): Changes in the amounts of 
carbohydrates, phosphagen and related compounds during 
the metamorphosis of the blowfly, Lucilia cuprina. J. 
Insect Physiol., 13: 1575-1592. 
CRONE, H.D. (1964): Phospholipid composition of flight muscle 
sarcosomes from the housefly, Musca domestica L. J. Insect 
Physiol., 10: 499-507. 
CRONE, H.D. and BRIDGES, R.G. (1963): The phospholipids of the 
housefly, Musca domestica. Biochem. J., 89: 11-21. 
CRUICKSHANK, W.J. (1964): Formation and possible 
the 'accessory yolk nuclei' in Anagaster 
kuhniella. Nature (Lond.), 201: 7 34-735. 
function of 
(Ephestia) 
179 
CRUICKSHANK, W.J. (1971); Follicle cell protein synthesis in 
moth oocytes. J. Insect Physiol., 17: 217-232. 
CRYSTAL, M.M. (1983): Effect of age and ovarian development 
on mating in the black blowfly (Diptera: Calliphoridae). 
J. Med. Ent., 20: 220-221. 
•CUMMINGS, M.R. (1968): The cytology of the vitellogenic stages 
of oogenesis in Drosophila melanogaster. Thesis, North 
Western University, Evanston. 
•CUMMINGS, M.R., BROWN, N.M. and KING, R.C. (1971): The cytology 
of the vitellogenic stages of oogenesis in Drosophila 
melanogaster. III. Formation of the vitelline membrane. 
Z. Zellforsch., 118: 482-492. 
CUMMINGS, M.R. and KING, R.C. (1969): The cytology of the vite-
llogenic stages of oogenesis in Drosophila melanogaster. 
I. General staging characteristics. J. Morph., 128: 427-
442. 
DAS, C.C, KAUFMANN, B.P. and GAY, H. (1964): Histone-protein 
transition in Drosophila melanogaster. I. Changes during 
spermatogenesis. Expl. Cell Res., 35: 507-514. 
DAS, S.K. and DASGUPTA, B. (1982): Sex ratio 
Calcutta. Oriental Insects, 16: 129-133. 
of blowflies in 
DAS, S.K., ROY, P. and DASGUPTA, B. (1978): The flying activity 
of Chrysomya megacephala (Diptera: Calliphoridae) in 
Calcutta, India. Oriental Insects, 12: 103-109. 
DAS, S.K., ROY, P. and DASGUPTA, B. (1979): The diurnal activity 
of Chrysomya rufifacies Macquart (Diptera: Calliphoridae) 
in Calcutta, India. Oriental Insects, 13: 149-154. 
DAVENPORT, R. 
of the 
1178. 
(1975): RNA synthesis in the follicular epithelium 
milkweed bug ovary. J. Insect Physiol., 21: 1175-
DAVEY, K.G. (1965): Reproduction in the insects. 
Edinburgh & London. 
Oliver & Boyd, 
DAVEY, K.G. (1967): The physiology of reproduction: some lessons 
from insects. In "Insects and Physiology" (J.W.L. Beament 
and J.E. Treherne, eds. ) , pp. 351-364. Oliver & Boyd, 
Edinburgh & London. 
DAVEY, K.G. (1985): Embryogenesis and Reproduction. In "Compre-
hensive Insect Physiology, Biochemistry and Pharmacology" 
(G.A. Kerkut and L.I. Gilbert, eds.) Vol. 1, Pergamon 
Press, Oxford, New York. 
180 
DAVIES, L. (1950): The hatching mechanism of muscoid eggs (Diptera) 
J. exp. Biol., 27: 437-445. 
D'COSTA, M.A. and BIRT, L.M. (1966): Changes in the lipid content 
during the metamorphosis of the blowfly, Lucilia. J. 
Insect Physiol., 12: 1377-1394. 
D'COSTA, M.A. and RICE, M.J. (1973): Localization and quantifica-
tion of glycogen in the tsetse fly (Glossina morsitans) 
and in the blowfly (Chrysomyia putoria). Comp. Biochem. 
Physiol., 45(B): 483-485. 
D'COSTA, M.A., RICE, M.J. and LATIF, A. (1973): Glycogen in 
the proventriculus of the tsetse fly. J. Insect Physiol., 
19: 427-433. 
*DEAN, R.W. (1935): Anatomy and post-pupal development of the 
female reproductive system in the apple maggot fly, 
Rhagoletis pomonella (Walsh.). N.Y. State agric. Exp. 
Stn. Tech. Bull., 229: 31. 
DEJMAL, R.K. and BROOKES, V.J. (1968): Solubility and electro-
phoretic properties of ovarial protein of the cockroach, 
Leucophaea maderae. J. Insect Physiol., 14: 371-381. 
DETHIER, V.G. (1962): Behavioural aspects of protein ingestion 
by the blowfly Phormia regina Meigen. Biol. Bull., Woods 
Hole, 121: 456-470. 
DEVANEY, J. A. and GARCIA, J.J. (1975): Longevity, oviposition 
fertility of several strains of the screwworm, Cochliomyia 
hominivorax (Diptera: Calliphoridae). J. Med. Ent., 12: 
511-513. 
DHILLON, S.S., KAUR, S.P. and SIDHU, D.S. (1983): Lipid distribu-
tion in the tissues of Mylabris pustulata Thunb. (Insecta). 
Bulletin of Pure and Applied Sciences, 2(A): 17-24. 
DISCHE, Z. (1955): Colour reactions of nucleic acid components. 
In "The Nucleic Acids" (E. Chargaff and J.N. Davidson, 
eds.) Vol. 1: pp. 285-305, Academic Press, New York. 
DJALAYER, T. , MALEKI, M. and MOGHTADERI, M. (1978): Human uroge-
nital myiasis caused by Chrysomyia bezziana. Iranian 
J. Public Health; 7: 116-119. 
*DUNN, L.H. (1918): Studies on the screwworm fly, Chrysomyia 
macellaria F., in Panama. J. Parasitol., 4: 111-121. 
DWIVEDY, A.K. (1976): Effect of dietary cholesterol deficiency 
upon its distribution in the larvae of the housefly, 
Musca domestica. J. Insect Physiol., 22: 1093-1100. 
181 
ELLIOTT, R.H. and GILLOTT, C. (1976): Histological changes in 
the ovary in relation to yolk deposition, allatectomy, 
and destruction of the median neurosecretory cells in 
Melanoplus sanguinipes. Can. J. Zool.. 54: 185-192. 
ELLIOTT, R.H. and GILLOTT, C. (1977): Changes in the protein 
concentration and volume of haemolymph in relation to 
yolk deposition, ovariectomy, allatectomy and cautery 
of the median neurosecretory cells in Melanoplus sanguinipes, 
Can. J, Zool., 55: 97-103. 
ELLIOTT, R.H. and GILLOTT, C. (1978): The neuro-endocrine control 
of protein metabolism in the migratory grasshopper, 
Melanoplus sanguinipes J. Insect Physiol., 24: 119-126. 
ELLIOTT, R.H. and GILLOTT, C. (1979): An electrophoretic study 
of proteins of the ovary, fat body, and haemolymph in 
the migratory grasshopper, Melanoplus sanguinipes. J. 
Insect Physiol., 25: 405-410. 
ENGELMANN, F. (1959): The control of reproduction in Diploptera 
punctata. Biol. Bull., 116: 406-419. 
ENGELMANN, 
two 
*516-
F. (I960)! 
viviparous 
536. 
Mechanisms 
cockroaches. 
controlling 
Ann. N.Y. 
reproduction in 
Acad. Sci., 89: 
ENGELMANN, F. (1968): Endocrine control of reproduction in insects. 
A. Rev. Entomol., 13: 1-26. 
ENGELMANN, F. (1970): The Physiology of Insect Reproduction. 
Pergamon Press, Oxford. 
*ENGLES, W. (1970): Kalte Wirkungen auf die Glykogenspeicherung 
m Eizelten von Musca domestica. Wilhelm- Roux Arch., 
166: 89-104. 
*ENGLES, W. and BIER, K. (1967): Zur Glykogenspeicherung Wahrend 
der Oogenese und ihrer vorzeitigen Auslosung durch Blokierung 
der RNS Versorgung (Untersuchungen an Musca domesticus 
(L.). Arch. Entw. Mech. Org. 158: 64-88. 
•ENGLES, W. and DRESCHER, W. (1964): Einbau von H^-D-Glucose 
wahrend der Oogenese bei Apis mellifica L. Experientia, 
20: 445-447. 
ERZINCLIOGLU, Y.Z. and WHITEOMBE, R.P. (1983): Chrysomyia albiceps 
(Wiedemann) (Diptera: Calliphoridae) in dung and causing 
myiasis in Oman. Ent. mon. Mag. 119: 51-52. 
182 
EVANS, A.C. (1935): Biology and Physiology of Lucilia 
sericata. Bull. ent. Res., 26: 115-122. 
EVANS, D.R. and DETHIER, V.G. (1957): The regulation of 
taste thresholds for sugars in the blowfly. J. 
Insect Physiol., 1: 3-17. 
•FAST, P.G. (1964): Insect lipids: 
Soc. Can., 37: 1-50. 
A review. Mcra. ent, 
FAST, P.G. (1966): A comparative study of the phospholipids 
and fatty acids of some insects. Lipids, 1: 209-
215. 
FAST, P.G. and BROWN, A.W.A. (1962): Lipids of DDT-resistant 
and susceptible larvae of Aedes aegypti. Ann. 
ent. Soc. Am., 55: 663-672. 
FAY, H.A.C. (1985): Temperature regulated development 
rate of the immature stages of the African buffalo 
fly, Haematobia thirouxi potans (Bezzi) (Diptera: 
Muscidae). Environ. Entomol., 14: 38-41. 
FERENZ, H.J. (1978): Uptake of vitellogenin into developing 
oocytes of Locusta migratoria. J. Insect Physiol., 
24: 273-278. 
FIRLING, C.E. (1977): Amino acid and protein changes in 
the haemolymph of developing fourth instar Chironomus 
tentans. J. Insect Physiol., 23: 17-22. 
FLORKIN, M. and JEUNIAUX, C. (1974): Haemolymph composition: 
In "The Physiology of Insecta" (M. Rockstein, 
ed. ) Vol. 5, pp. 255-307, Academic Press, New York 
& London. 
FOLCH, J., LEES, M. and SLOANE-STANLEY, G.H. (1957): A 
simple method for the isolation and purification 
of total lipids from animal tissues. J. biol. 
Chem., 226: 497-509. 
FRIEDEL, T. (1974): Endocrine control of vitellogenesis 
in the harlequin bug, Dindymus versicolor. J. 
Insect Physiol., 20: 717-733. 
*FRIELE, A. (1930): Die postembryonale entwicklungssgerchichte 
der manntechen geschlechts organs und ausfuhrungswege 
von Psychoda alternata. Zeit. Morph. Okel. Tilre., 
18: 249-288. 
183 
FURLANETTO, S.M.P., Campos, M.L.C., Harsi, CM., Buralli, 
G.M. and Ishihata, G.K. (1984): Enteropathogenic 
microorganisms in African flies in the genus Chrysomyia, 
(Diptera: Calliphoridae) in Brazil. Rev. Microbiol., 
15: 170-174. 
GAVIN, J.A. and WILLIAMSON, J.H. (1976): Synthesis and 
deposition of yolk protein in adult Drosophila 
melanogaster. J. Insect Physiol., 22: 1457-1464. 
GELTI-DOUKA, H., GINGERAS, T.R. and KAMBYSELLIS, M.P. 
(1974): Yolk proteins in Drosophila; Identification 
and site of synthesis. J. exp. Zool., 187: 167-172. 
GEORGE, J.C. and NAIR, K.S.S. (1964): Quantitative study 
of changes in fat and glycogen during metamorphosis 
of the dermestid beetle, Anthrenus vorax. J. Anim. 
Morphol. Physiol. 11: 162-172. 
GERBER, G.H. (1975): Reproductive behaviour and physiology 
of Tenebrio molitor (Coleoptera: Tenebrionidae). 
II. Egg development and oviposition in young females 
and the effects of mating. Can. Ent., 107: 551-559. 
GERBER, G.H., CHURCH, N.S. and REMPEL, J.G. (1971): The 
anatomy, histology and physiology of the reproduc-
tive systems of Lytta nuttalli Say (Coleoptera: 
Meloidae). I. The internal genitalia. Can. J. 
Zool., 49: 523-533. 
GILBERT, L.I. (1967 a): Lipid metabolism and function 
in insects. Adv. Insect Physiol., 4: 69-211. 
GILBERT, L.I. (1967 b): Changes in lipid content during 
the reproductive cycle of Leucophaea maderae and 
effects of the juvenile hormone on lipid metabolism 
in vitro. Comp. Biochem. Physiol., 21: 237-257. 
GILBERT, L.I., GOODMAN, W. and BOLLENBACHER, W.E. (1977): 
Biochemistry of regulatory lipids and sterols 
in insects. International Review of Biochemistry. 
Biochemistry of Lipids, II (Goodwin, T.W., ed), 
14: 1-50. 
GILES, K. and MYERS, A. (1965): An improved diphenylamine 
method for the estimation of deoxyribonucleic 
acid. Nature, 206: 93. 
GILMOUR, D. (1961): The Biochemistry of Insects. Academic 
Press, New York and London. 
GILMOUR, D. (1965): The Metabolism of Insects, 
& Boyd, Edinburgh. 
184 
Oliver 
GIORGI, F. and MAZZINI, M. (1984): Vitellogenesis in the 
stick insect Bacillus rossius (Rossi) (Insecta; 
Phasmatodea). II. Ultrastructural observations 
on developing oocytes. Monitore Zool. Ital. (N.S.), 
18: 259-273. 
GOLDSWORTHY, G.J. (1969): Hyperglycaemic factors from 
the corpus cardiacum of Locusta migratoria. J. 
Insect Physiol., 15: 2131-2140. 
•GOLTZENE, F. 
Chez 
(1977): 
Locusta 
Contribution 
migratoria L. 
a etude de I'ovogenese 
(Orthoptere). Thesis, 
University of Strasburg. 
GRAHAM-SMITH, G.S. (1938): The generative organs of the 
blowfly, Calliphora erythrocephala L. with special 
reference to their musculature and movements. 
Parasitology, 29: 441-476. 
GREEN, D.E. (1959): Electron transport and oxidative phos-
phorylation. Adv. Enzymol., 21s 73-129. 
GREEN, D.E. and FLEICHER, S. (1963): The role of lipids 
in mitochondrial electron transfer and oxidative 
phosphorylation. Biochim. biophys. Acta, 70: 554-
582. 
GREENBERG, B. (1971): Flies and Disease. Vol.1, Princeton 
Univ. Press, USA. 
GREENBERG, B. (1973): Flies and Disease. Vol.11. Princeton 
Univ. Press, USA. 
GREENBERG, 
by 
B. (1984): 
Phaenicia 
Two cases of human myiasis caused 
sericata (Diptera: Calliphoridae) 
in Chicago area hospitals. J. Med. Ent., 21: 615. 
GREENBERG, B. and SZYSKA, M.L. (1984): Immature stages 
and biology of 15 species of Peruvian Calliphoridae 
(Diptera). Ann. ent. Soc. Am., 77: 488-517. 
GROVER, K.K., PILLAI, M.K.K. and DASS, C.M.S. (1971): 
Cytogenetic basis of chemically induced sterility 
in Culex pipiens fatigans (Wiedmann). III. Effect 
of apholate and hempa on DNA synthesis in the 
gonads. Indian J. exp. Biol., 9: 150-152. 
185 
GUIMARAES, J.H., Prado, A. P. do and BURALLI, G.M. (1979): 
Dispersal and distribution of three newly introduced 
species of Chrysomya R.-D. in Brazil (Diptera: 
Calliphoridae. Revta Brasil. Entomol., 23: 245-255. 
GUIMARAES, J.H., PRADO, A.P, do and LINHAES, A.X. (1978): 
Three newly introduced blowfly species in Southern 
Brazil (Diptera: Calliphoridae). Revta Bras. Entomol. 
22: 53-60. 
GUNN, A. and GATEHOUSE, A.G. (1986): The effect of adult 
feeding on lipid and protein reserves in African 
armyworm, Spodoptera exempta moths before and 
during reproduction. Physiol. Entomol., 11: 423-431. 
GUPTA, S.C. (1978): Permanent closure of the nostrils 
in recurrent nasal myiasis. J. Laryngology and 
Otology, 92: 627-628. 
GURR, E. (1958): Methods of Analytical Histology and Histo-
chemistry. Leonard Hill (Books) Limited, London. 
HAGEDORN, H.H. (1974): The control of vitellogenesis in 
the mosquito, Aedes aegypti. Am. Zool., 14: 1207-
1217. 
HANDEL, E.V. (1976): The chemistry of egg maturation in 
the unfed mosquito, Aedes atropalpus. J. Insect 
Physiol., 22: 521-522. 
*HANNA, A.D. (1939): Studies on the mediterranean fruit 
fly, Ceratitis capitata Wied. I. The structure 
and operation of the reproductive systems. Bull. 
Soc. Fouad Ler Ent., 1938: 39-48. 
HAPP, G.M. (1984): Structure and development of male acce-
ssory glands in insects. In "Insect Ultrastructure". 
II. (R.C. King and H. Akai, eds. ) , pp. 365-396 
Plenum Press, New York (USA). 
HARRIS, S. and FORREST, H. (1967): RNA and DNA Synthesis 
in developing eggs of the milkweed bug, Oncopeltus 
fasciatus (Dallas). Science, 156: 1613-1615. 
HASEGAWA, K. and YAMASHITA, O. (1965): Studies on the 
mode of action of the diapause hormone in the 
silkworm, Bombyx mori L. VI. The target organ 
of the diapause hormone. J. exp. Biol., 43: 271-277. 
HAYASHI, T.T. and KAZMIEROWSKI, D. (1972): Changes in 
free and membrane-bound ribosomes in the rat liver 
with starvation. Biochemistry, 11: 2371-2378. 
186 
*HELLER, J.R. (1926): Metabolism 
in Lepidoptera. Biochem. Z. 
during the 
, 172: 71-81. 
starvation 
*HELLER, J. and MOKLOWSKA, A. (1930): The composition of 
larval blood from Deilephila euphorbiae and its 
changes in the course of metamorphosis. Chemical 
studies on the metamorphosis of insects. VII. 
Biochem. Z., 219: 473-489. 
HENDLER, R.W. (1959): Passage of radioactive amino acids 
through nonprotein fractions of hen oviduct during 
incorporation into protein. J. bid. Chem., 234: 
1466-1473. 
HENDLER, R.W. (1961): Some properties and the possible 
metabolic significance of amino acid lipid complexes. 
Biochim- biophys. Acta, 49: 297-307. 
HEWITT, C.G. (1914): The house fly, Musca domestica Linn, 
Cambridge University Press. 
HIGHNAM, K.C. and HILL, L. (1977): The comparative Endocri-
nology of the Invertebrates. 2nd edition, E. Arnold, 
London. 
HIGHNAM, K.C, HILL, L. and MORDUE, W. (1966): The endocrine 
system and oocyte growth in Schistocerca in relation 
to starvation and frontal ganglionectomy. J. Insect 
Physiol., 12: 977-994. 
HIGHNAM, K.C. and LUSIS, 0. (1962): The influence of mature 
males on the neurosecretory control of ovarian 
development in the desert locust. Q. Jl- microsc. 
Sci.. 103: 73-83. 
HIHARA, F. and KUROKAWA, H. (1987): The sperm length and 
the internal reproductive organs of Drosophila 
with special references to phylogenetic relation-
ships. Zool. Sci., 4: 167-174. 
HILL, L. (1962): Neurosecretory control of haemolymph 
protein concentration during ovarian development 
in the desert locust. J. Insect Physiol., 8: 609-619. 
HILL, L. and GOLDSWORTHY, G.J. (1970): The utilization 
of reserves during starvation of larvae of migratory 
locust. Comp. Biochem. Physiol., 36(B): 61-70. 
HINTON, H.E. (1974): Accessory functions of seminal fluid. 
J. Med. Ent-, 11: 19-25. 
187 
HOGLUND, L. (1976): Changes in acid mucopolysaccharides 
during the development of the blowfly, Calliphora 
erythrocephala. J. Insect Physiol-, 22: 917-924. 
*HOKIN, L.E. and HOKIN, M.R. (1956 a): The action of panc-
reozymin in pancreas slices and the role of phos-
pholipids in enzyme secretion. J. Physiol., 132: 
442-453. 
•HOKIN, L.E. and HOKIN, M.R. (1956 b): 
pholipids _in vitro. Can. J. 
34: 349-360. 
Metabolism of phos-
Biochem. Physiol., 
HOLINGSWORTH, M.J. (1960): The morphology of intersexes 
in Drosophila subobscura. J. exp. Zool., 143: 
123-151. 
HOPKINS, C.R. and King, P.E. (1966): An electron-microscopical 
and histochemical study of the oocyte periphery 
in Bombus terrestris during vitellogenesis. J. 
Cell. Sci., 1: 201-216. 
HOUSE, H.L. (1974): Insect nutrition. In "The Physiology 
of Insecta" (M. Rockstein, ed.). Vol. 5; pp. 63-
117. Academic Press, New York. 
HOWELLS, A.J. and BIRT, M. (1964): Amino acid dependent 
pyrophosphate exchanges during the life cycle 
of the blowfly, Lucilia cuprina. Comp. Biochem. 
Physiol., 11: 61-83. 
HUEBNER, E. (1984): Developmental cell interactions in 
female insect reproductive organs. Adv. Invert. 
Reprod., 3: 97-105. 
HUEBNER, E. and ANDERSON, E. (1972): A cytological study 
of the ovary of Rhodnius prolixus. I. The Ontogeny 
of the follicular epithelium. J. Morph., 136: 
459-494. 
HUEBNER, E. and INJEYAN, H. (1981): Follicular modulation 
during oocyte development in an insect: Formation 
and modification of septate and gap junctions, 
Dev. Biol., 83: 101-113. 
HUEBNER, E., TOBE, S.S. and DAVEY, K.G. (1975): Structural 
and functional dynamics of oogenesis in Glossina 
austeni. Tissue Cell, 7: 24 7. 
ICHIMASA, Y. (1976): Sterol accumulation in developing 
ovaries of the silkworm, Bombyx mori in relation 
to the diapause hormone. J. Insect Physiol, 22: 
1071-1074. 
188 
•Imbiriba, 
E. 
A.S., Izutani, D.T., Milhoreto, I.T. and Luz, 
(1977): Introducao de Chrysomya chloropyga 
(Wiedemann, 1818) na regiao Neotropical (Diptera: 
Calliphoridae). Arches Biol. Tecnol. Curitiba, 
20: 35-39. 
IMMS, A.D. (1977): Inuns' general textbook of Entomology. 
10th edition (Revised by O.W. Richards and R.G. 
Davies), Vol.1, Chacpman and Hall, London. 
ISHIZAKI, H. (1965): Electron microscopic study of changes 
in the subcellular organization during metamorphosis 
of the fat body cell of Philosamia cynthia ricini 
(Lepidoptera). J. Insect Physiol., 11: 845-856. 
ISLAM, F. , HASAN, M. , RIZVI, R. and USMAN, S.N. (1980): 
Microanalysis of lipids in discrete brain areas 
of the rabbit following intramuscular administra-
tion of steroid contraceptive. Contraception, 
21: 433-442. 
JALEES, S. (1975): Studies on the respiratory system of 
insects. Ph.D. Thesis, Aligarh Muslim University, 
Aligarh. 
JALEES, S., MURAD, H., HASAN, S.A. and USMANI, N.N. (1976): 
Glycogen concentration in fed and starved Laccotrephes 
maculatus (adult) and Culex pipiens fatigans (larval 
and pupal forms). Indian J. Zool., 4s 19-22. 
*JAMES, M.T. (1947): The flies that cause myiasis in man. 
U.S. Dept. Agric. Misc. Publ., 631. 
JAMES, M.T. (1971): Genus Chrysomya in New Guinea (Diptera: 
Calliphoridae). Pacific Insects, 13: 361-369. 
JAMIL, N. (1982): Bionomics and control 
Chrysomyia rufifacies Macq. Ph.D. 
Muslim University, Aligarh. 
of the blowfly. 
Thesis, Aligarh 
JAMIL, N. (1986): Internal reproductive organs of the 
sheep blowfly, Chrysomyia rufifacies Macq. (Diptera: 
Calliphoridae). J. Anim. Morphol. Physiol.. 33: 
87-92. 
JOHANNSEN. O.A. and BUTT. F.H. (1941): Embryology of Insects 
and Myriapods. McGraw-Hill, New York. 
JOHNSON, J.H. and RINGLER, N.H. (1979): The occurrence 
of blowfly larvae (Diptera: Calliphoridae) on 
salmon carcasses and their utilization as food 
juvenile salmon and trout. Great Lakes Entomol., 
12: 137-140. 
189 
JONATHAN, V. (1986): Studies on proteins, amino acids 
and fat metabolism with reference to reproduction 
in Dysdercus similis Freeman (Heterop^era) . In 
"Recent Advances in Insect Physiology, Morphology 
and Ecology (S.C. Pathak, ed.), pp. 135-139, Published 
by Today and Tomorrow's Printers and Publishers, 
New Delhi (India). 
JUNQUERA, P. (1983): The role of the follicular epithelium 
in growing eggs of a dipteran insect during late 
oogenesis and cleavage. J. Morph., 178: 303-312. 
JUTSUM, A.R., Agarwal, H.C. and GoCldsworthy, G.J. (1975): 
Starvation and Haemolymph lipids in Locusta migratoria 
migratorioides (R. & F.). Acrida, 4: 4 7-56. 
KABIR, K.H. and QUAYUM, M.A. (1982): Effect of food on 
the development and longevity of Calliphora 
erythrocephala Meign. (Diptera: Calliphoridae). 
Bangladesh J. Zool-, 10: 22-26. 
KALRA, R.L., WATTAL, B.L. and VENKITASUBRAMANIAN, T.A. 
(1969): Lipids of Culex pipiens fatigans during 
metamorphosis. Indian J. exp. Biol., 7: 154-157. 
KAMBYSELLIS, M.P. and HEED, W.B. (1974): JH induces ovarian 
development in diapausing cave-dwelling Drosophila 
species. J. Insect Physiol., 20: 1779-1786. 
KAMIENSKI, F.X., NEWBURGH, R.W. and BROOKES, V.T.' (1965): 
The phospholipid pattern of Tenebrio molitor larvae. 
J. Insect Physiol., 11: 1533-1540. 
KAPLANIS, J.N., ROBBINS, W.E. and TABOR, ^ ^^-A. (1960): 
The utilization and metabolism of 4-C -cholesterol 
by the adult house fly. Ann. ent. Soc. Am., 53: 
260-264. 
*KARLSON, P. and HOFFMEISTER, H. (1963): Zur Biogenese 
des Ecdysons-I. Unwandlung von Cholesterin in 
Ecdyson. Hoppe-Seyler's Z. Physiol. Chem., 331: 
298-300. 
KARNAVAR, G.K. and NAIR, K.S.S. (19 69): Changes in body 
weight, fat, glycogen and protein during diapause 
of Trogoderma granarium (larvae). J. Insect Physiol., 
15: 95-103. 
•KAUFMANN, B.P., McDONALD, M., BERNSTEIN, M., VON BORSTEL,R. 
and DAS, N. (1953): Patterns of organization of 
cellular materials. Yearbook Carnegie Institution, 
52: 238-248. 
190 
KAUR, S.P., DHILLON, S.S., SIDHU, D.S. and KUMAR, N. (1985) 
Nucleic acids during development of Zabrotes 
subfasciatus (Boh.) (Insecta) 
Bulletin, 1: 19-24. 
Bio-Science Research 
KESSEL, R.C. and BEAMS, H, 
and yolk formation in 
bug. Expl. Cell Res., 
W. (1963): Micropinocytosis 
oocytes of the small milkweed 
30: 441-444. 
•KEUCHENIUS, P.E. 
of some 
536. 
(1913): The structure of internal genitalia 
male Diptera. Z. Wiss. Zool., 105: 501-
KHAN, M.R. and HODGSON, E. (1967): Phospholipids of subce-
llular reactions from the housefly, Musca domestica 
L. J. Insect Physiol., 13: 653-664. 
KHAN, M.A.J, and KHAN, R.J. (1985] 
(Diptera: Calliphoridae), a 
urogenital myiasis of an infant 
Jpn. J. Sanit. Zool., 36: 271-274 
Phormia regina (Meigen) 
causative agent of 
in Karachi, Pakistan, 
KHOLE, V. (1978); Studies on the population dynamics in 
larval blowflies (Diptera: Calliphoridae). Biovigyaram, 
4: 151-158. 
KHOLE, V. (1979): Studies on metabolism in relation to 
postembryonic development of some calliphorid 
flies (Diptera, Insecta). Entomon, 4: 61-63. 
KIMBER, S.J. (1980) 
Schistocerca 
The secretion of the egg shell of 
gregaria. The ultrastructure of the 
follicle cells during termination of vitellogenesis 
and egg shell secretion. J. Cell Sci., 46: 455-477. 
*KING, R.C. (1960): Oogenesis in adult Drosophila melanogaster 
-IX. Studies on the cytochemistry and ultrastructure 
of developing oocytes. Growth, 24: 265-323. 
KING, R.C. (1970); Ovarian development in Drosophila 
melanogaster. Academic Press, New York. 
*King, R.C. and Aggarwal, S.K. (1965); Oogenesis in Hyalophora 
cecropia. Growth, 29: 17-83. 
KING, R.C, AGGARWAL, S.K. and AGGARWAL, U. (1968): The 
development of the female Drosophila reproductive 
system. J. Morph., 124: 143-166. 
191 
KING, R.C. and BURNETT, R.G. (1959): Autoradiographic 
study of uptake of tritiated glycine, thymidine 
and uridine by fruitfly ovaries. Science, 129r 
1674-1675. 
KING, R.C. and KOCH, E.A. (1963): Studies on the ovarian 
follicle cells of Drosophila. Q. Jl. microsc. 
Sci.. 104: 297-320. 
KING, R.C, RUBINSON, A.C. and SMITH, R.F. (1956): Oogenesis 
in adult Drosophila melanogaster. Growth, 20: 
121-157. 
KINSELLA, J.E. (1966): General metabolism of the Hexapod 
embryo with particular reference to lipids. Comp. 
Biochem. Physiol., 19: 291-304. 
KIRKWOOD, A.C. (1976): Ovarian and larval development 
of the sheep head fly, Hydrotaea irritans (Fallen) 
(Diptera: Muscidae). Bull. ent. Res., 66: 757-
763. 
KITCHING, R.L. (1976): The immature stages of the Old-
World screwworm fly, Chrysomyia bezziana Vill., 
with comparative notes on other Australian species 
of Chrysomya (Diptera: Calliphoridae). Bull. ent. 
Res., 66: 195-203. 
KLOSTERMEYER, I.E. and ANDERSON, A.W. (1976): Anatomy, 
histology and post-larval development of the repro-
ductive systems of the sugarbeet root maggot. 
Ann. ent. See. Am., 69: 625-631. 
*KOBAYASHI, K. (1934): Studies on the internal anatomy 
of Trypaneidae (Fruit flies). Trans. Nat. Hist. 
Soc. Formosa, 24: 136-149. 
KOCH, E.A. and KING, R.C. (1966): The origin and early 
differentiation of the egg chamber of Drosophila 
melanogaster. J. Morph., 119: 283-303. 
KOEPPE, J.K., JARNAGIN, F.N. and BENNETT, L.N. (1981): 
Changes in follicle cell morphology, ovarian DNA 
synthesis during oocyte maturation in Leucophaea 
maderae: Role of juvenile hormone. J. Insect Physiol., 
27: 281-291. 
KOEPPE, J.K. and WELLMAN, S.E. (1980): Ovarian maturation 
in Leucophaea maderae: Juvenile hormone regulation 
of thymidine uptake into follicle cell DNA. J. 
Insect Physiol., 26: 219-228. 
192 
KOKWARO, E.D. (1983): Egg chamber development in the 
ovarioles of the flesh fly, Sarcophaga tibialis 
Macquart (Diptera: Sarcophagidae) during the first 
reproductive cycle. Insect Sci. Appl., 4: 247-
252. 
•KOTAKE, T. and SERA, Y. (1909): Fat and glycogen during 
metamorphosis of silkworm. Zeistscher. Physiol. 
Chem., 62: 115-117. 
KRAINSKA, M. (1961): A morphological and histochemical 
study of oogenesis in the gall fly, Cynips foli. 
Q. Jl. microsc. Sci., 102: 119-129. 
KRISHNAKUMARAN, A., BERRY, S.J., OBERLANDER, H. and 
SCHNEIDERMAN, H.A. (1967): Nucleic acid synthesis 
during insect development. II. Control of DNA 
synthesis in the cecropia silkworm and other saturniid 
moths. J. Insect Physiol., 13: 1-57. 
*KUBISTA, V. and BARTOS, Z. (1960): Free and fixed glycogen 
in insect muscle. Physiol. Bohemoslov., 9: 235-
239. 
KUGLER, O.E., FRANKENSTEIN, P.W. and RAFFERTY, K.A. (1956): 
Histochemical localization of alkaline phosphatase, 
glycogen and nucleic acids in the female reproductive 
organs of the cockroach, Periplaneta americana. 
J. Morph., 98: 235-249. 
KULKARNI, A.P. and MEHROTRA, K.N. (1970): Amino acid nitrogen 
and proteins in the haemolymph of adult desert 
locust, Schistocerca gregaria. J. Insect Physiol. 
16: 2181-2199. 
KURAMOCHI, K. (1985): Studies on the reproductive biology 
of the horn fly, Haematobia irritans (L.) (Diptera: 
Muscidae) II. Effect of temperature on follicle 
development and blood meal volume of laboratory-
reared flies. Applied Entomology and Zoology, 20: 
264-270. 
*KURIHARA, M. (1968): Histochemical observation on periodic 
acid-Schiff-positive substances and nucleic acids 
in normal and degenerated ovary of the lady beetle, 
Epilachna vigintioctomeculata Motschulsky. J. Fac. 
Agric. Iwate Univ., 9: 1-15. 
•KURIHARA, M. and MIYA, K. (1969): Histochemical studies 
on nucleic acids in oogenesis of the silkworm, 
' Bombyx mori L. (studies on oogenesis of the silkworm 
III). J. Fac. Agric. Iwate Univ., 9: 129-141. 
193 
KUUSELA, S. (1984). Suitability of carrion flies for field 
experiments on reproductive behaviour. Ann. ent. 
Fennici, 50: 1-6. 
LANGE, A.B. and LOUGHTON, E.G. (1985): An oviposition stimu-
lating factor in the male accessory reproductive 
gland of the locust, Locusta migratoria. Gen. Comp. 
Endocrinol., 57: 208-215. 
LANGLEY, P.A. and PIMLEY, R.W. (1979): Influence of diet 
on synthesis and utilization of lipids for reproduc-
tion by the tsetse fly, Glossina morsitans. J. 
Insect Physiol., 25: 79-85. 
LAURANCE, B.R. (1981): Geographical expansion of the range 
of Chrysomya blowflies. Trans. R. Soc- Trop. Med. 
Hyg., 75: 130-131. 
LAWSON, J.R. and GEMMELL, M.A. (1985): The potential role 
of blowflies in the transmission of taeniid tapework 
eggs. Parasitology, 91: 129-143. 
LEA, A.O. (1972): Endocrine and nutritional requirements 
for insemination and vitellogenesis in Musca domestica, 
Am. Zool., 12: 666-667. 
LENARTOWICZ, E. and NIEMIERKO, S. (1968): The effect of 
low temperature and starvation on carbohydrate 
metabolism in larvae of Galleria mellonella L. 
J. Insect Physiol., 14: 451-462. 
LENNIE, R.W., GREGORY, D.W. and BIRT, L.M. (1967): Changes 
in the nucleic acid content and structure of thoracic 
mitochondria during development of the blowfly, 
Lucilia cuprina. J. Insect Physiol., 13: 1745-1756. 
LEOPOLD, R.A. (1970): Cytological and cytochemical studies 
on the ejaculatory duct and accessory secretions 
in Musca domestica. J. Insect Physiol., 16: 1859-
1872. 
LEOPOLD, R.A. (1976): The role of male accessory glands 
in insect reproduction. A. Rev. Ent., 21: 199-221. 
LEOPOLD, R.A. and DEGRUGILLIER, M.E. (1973): Sperm penetra-
tion of housefly eggs: evidence for involvement 
of a female accessory secretion. Science, 181: 
555-557. 
194 
LEVENBOOK, L. (1950): The composition of horse bot fly 
(Gastrophilus intestinalis) larva blood. Biochem. 
J., 47: 336-346. 
LEVOT, G.W., BROWN, K.R. and SHIPP, E. (1979): Larval growth 
of some calliphorid and sarcophagid Diptera. Bull, 
ent. Res., 69: 469-475. 
LIEBISCH, A., FROEHNER, H. and ELGER, D. (1983): Myi^asis 
in sheep caused by Lucilia sericata an approaching 
problem? Tierarztliche Umschau, 38: 747. 
LIM, S.J. and LEE, S.S. (1981): The effect of starvation 
on haemolymph metabolites, fat body and ovarian 
development in Oxya japonica (Orthoptera: Acrididae), 
J. Insect Physiol., 27: 93-96. 
LINDSAY, D.R. and SCUDDER, H.I. (1956): Non biting flies 
and disease. A. Rev. Ent., 1: 323-346. 
LIU, T.P. and DAVIS, D.M. 
zation of glycogen 
blackfly, Simulium 
49: 219-221. 
(1971): Ultrastructural locali-
in the flight muscle of the 
vittatum Zett. Can. J. Zool., 
*LOMEN, B.T. (1914): The 
and Development 
erythrocephala). 2 
Anatomy, Physiology, 
of the Blowfly 
Vols., London. 
Morphology 
(Calliphora 
deLOOF, A. and LAGASSE, A. (1970): The ultrastructure of 
the follicle cells of the ovary of the colarado 
bettle in relation to yolk formation. J. Insect 
Physiol., 16: 211-220. 
deLOOF, A. and de WILDE, J. (1970): The relation between 
haemolymph proteins and vitellogenesis in the 
colarado beetle, Leptinotarsa decemlineata. J.Insect 
Physiol., 16: 157-169. 
LOWRY, O.H., ROSEBROUGH, W.J., FARR, A.L. and RANDALL, 
R.J. (1951): Protein measurement with the Folin 
phenol reagent. J. bid. Chem., 193: 265-275. 
*LUDWIG, D., CROWE, P. A. and HASSEMER, M.M. (1964): Free 
fat and glycogen during metamorphosis of Musca 
domestica. J.N.Y. ent. See, 72: 23-28. 
LUDWIG, D. and RAMAZZOTTO, L.J. (1965): Energy sources 
during embryogenesis of the yellow mealworm, Tenebrio 
molitor. Ann. ent. Soc. Am., 58: 543-546. 
195 
LUDWIG, D. and WUGEMISTER, M. (1953): Use of reserves in 
starvation in Popillia larva. Physiol. Zool., 26: 
254-259. 
LUSIS, 0. (1963): The histology and histochemistry of deve-
lopment and resorption in the terminal oocytes 
of the desert locust, Schistocerca gregaria. Q.Jl. 
microsc. Sci., 104: 57-68. 
MACKERRAS, M.J. (1933): Observations on the life histories, 
nutritional requirements and fecundity of blow-
flies. Bull. ent. Res., 24: 353-362. 
*MADEN, B.E.H., VAUGHAN, M.H., WARNER, J.R. and DORNELL, 
J.E. (1969): Effects of valine deprivation on ribosome 
formation in Hela cells. J. Molec. Biol., 45: 265-
276. 
*MADHAVAN, K., SRIRAMULU, V. and GOVINDAN, P. (1967): Synthesis 
of the protein yolk in the anucleolate oocytes 
of Chrysocoria purpureus (West W). Sonderdruk aus. 
Zeitschrift furnmikroskopisch anatomische Forschung., 
77: 266-278. 
*MAHOWALD, A.P. (1972): Oogenesis: In"Developmental Systems: 
Insects" (S.J. Counce and C.H. Waddington, eds.), 
Vol. 1, pp. 1-47, Academic Press, New York. 
*MAKHOVER, N.V. (1959): Cytochemistry on the oogenesis of 
Musca domestica domestica L. Leningrad Sanitarno. 
Gigienchesko Meditsinskoyo Instituta trudy, 43: 
69-75. 
MARILUIS, J.C. (1983): Presence of the genus Chrysomya 
R.-D., 1830 in the Neotropical region (Calliphoridae, 
Chrysomyiinae, Chrysomyiini). Rev. Sec. ent. Argen., 
42: 141-142. 
MARINETTI, G.V. (1962): Chromatographic separation, identi-
fication and analysis of phospholipid. J. Lipid 
Res., 3: 1-20. 
MARTIGNONI, M.E. and MILSTEAD, J.E. (1964): Hypoproteinemia 
in a noctuid larvae during the course of nucleo 
ply hedrosis. J. Insect Path., 6: 517-531. 
MASNER, P. (1968): The inductors of differentiation of 
prefollicular tissue and the follicular epithelium 
in ovarioles of Pyrrhocoris apterus (Heteroptera). 
J. Embryol. Exp. Morph., 20: 1-13. 
196 
MATHIS, M. (1937): Elevage en serie (six generation) de 
la mouche vertecuivrce du Senegal Lucilia cuprina 
Wied. (argyrostoma) Macq. Bull. Soc. Path. Erot., 
30: 42-44. 
MAZZINI, M. and GIORGI, F. (1984): Vitellogenesis in the 
stick insect. Bacillus rossius (Rossi) (Insecta: 
Phasmatodea). I. Ultrastructural observations on 
ovarian follicle cells. Monitore Zool. Ital. (N.S.), 
18: 239-257. 
MAZZINI, M. and GIORGI, F. (1985): The follicle cell oocyte 
interaction in ovarian follicles of the stick insect, 
Bacillus rossius (Rossi) (Insecta, Phasmatodea). 
J. Morph., 185: 37-49. 
MAZZINI, M. and GIORGI, F. (1986): Endocytic pathways in 
vitellogenic ovarian follicles of the stick insect. 
Bacillus rossius (Rossi) (Phasmatodea:Bacillidae). 
J. Submicrosc. Cytol., 18: 577-586. 
McCAFFERY, A.R. (1975): Food quality and quantity in relation 
to egg production in Locusta migratoria migratorioides, 
J. Insect Physiol., 21: 1551-1558. 
McKEEVER, S. (1985): Morphology of the internal reproductive 
system of female Corethrella (Diptera: Chaoboridae). 
Int. J. Ent., 27: 185-196. 
MELIUS, M.E. Jr. and TELFER, W.H. (1969): An autoradiographic 
analysis of yolk deposition in the cortex of the 
cecropia moth oocyte. J. Morph., 129: 1-16. 
MELLANBY, K. (1932): Metabolism in fasting mealworm, Tenebrio. 
Proc. R. Soc. Lend. (B), 3: 376-390. 
MENON, M. (1966): Endocrine influences on yolk deposition 
in insects, J. Anim. Morphol. Physiol., 12: 7 6-
80. 
MEOLA, S.M., MOLLENHAUER, H.H. and THOMPSON, J.M. (1977): 
Cytoplasmic bridges within the follicular epithelium 
of the ovarioles of two Diptera, Aedes aegypti 
and Stomoxys calcitrans. J. Morph., 153: 81-86. 
MILLER, A. (1950): The internal anatomy and histology of 
imago of Drosophila melanogaster. In "Biology of 
Drosophila" (M.Demerec, ed.) pp. 422-534, New York 
and London. 
197 
MILLER, S. and PERRY, A.S. (1968): RNA synthesis in the 
developing ovary of the housefly: Incorporation 
of C-Formate. J. Insect Physiol., 14: 581-589. 
MILLS, R.R., GREENSLADE, E.G., and GOUGH, E.F. (1966): 
Studies on vitellogenesis in the American cockroach. 
J. Insect Physiol., 12: 767-780. 
MINAR, J., BOUGHALOVA, J. and BLAHA, J. (1984, Publ. 1986): 
Two case histories of myiasis in man caused by 
Lucilia sericata larvae (Diptera: Galliphoridae) . 
Presented at 8. Celostatniho Dipterologickeho Seminare, 
Geske Budejovice (Gzechoslovakia), 1984 in Dipte-
rolgica Bohemoslovaca IV. Proceedings of the eight 
Dipterological seminar at Geske Budejovice. Published 
by Jihoceske Museum, Geske Budejovice (Gzechoslovakia), 
1986, 121-122. 
MITLIN, N. and COHEN, G.F. (1961): The composition of ribo-
nucleic acid in the developing housefly ovary. 
J. econ. Entomol., 54: 651-653. 
*MIYAKE, T. (1919): Studies on the fruit flies on Japan, 
I. Japanese orange fly. Bull. Imp. Centr. Agr. 
Exp. Stn., Japan, 2: 85-165. 
MOHAMED, U.V.K. and MURAD, H. (1978): Proteins in the haemo-
lymph and malpighian tubules of Laccotrephes maculatus 
Fabr. (Heteroptera: Nepidae) in relation to feeding 
and starvation. Entomon, 3: 309-310. 
MONROE, R.E., HOPKINS, T.L. and VALDER, SUE A. (1967J: 
Metabolism and utilization of cholesterol-4-G 
for growth and reproduction of asceptically reared 
houseflies, Musca domestica L. J. Insect Physiol., 
13: 219-233. 
MONROE, R.E., KAPLANIS, J.N. and ROBBINS, W.E. (1961): 
Sterol storage and reproduction in the house fly. 
Ann. ent. Soc. Am., 54: 537-539. 
MONTGOMERY, R. (1957): Determination of glycogen. Arch. 
Biochem. Biophys., 67: 378-386. 
MORDUE, W. (1965 a): Studies on oocyte production and asso-
ciated histological changes in the neuro-endocrine 
system in Tenebrio molitor L. J. Insect Physiol., 
11: 493-503. 
MORDUE, W. (1965 b): Neuro-endocrine facctors in the control 
of oocyte production in Tenebrio molitor L. J. 
Insect Physiol., 11: 617-629. 
198 
*MORGENTHALER, H.U. (1952): Uber 
im ovar der Bienenkonigin. 
27: 206-211. 
den Nukleinsaure gehalt 
Arch. Julius Klaus-Stiftung. 
MUHLACH, W.L. and 
uridine in 
Coelopa. J. 
SCHWALM, F.E. (1977): Utilization of 
developing ovarioles of the kelp fly, 
Insect Physiol., 23: 931-937, 
*MULNARD, J. (1948): Etude cytochimique de I'oogenese chez 
Acanthoscelides obtectus (Coleoptera). C.r. Ass. 
Anat., 35: 195-202. 
*MULNARD, J. (1954): Etude morphologique et cytochimique 
de I'oogenese chez Acanthocelides obtectus Say 
(Bruchidae, Coleoptera). Archs. Biol., Paris 65: 
262-314. 
MUNDALL, E. (1978): Oviposition in Triatoma protracta; Rate 
of mating and relationship to egg growth. J. Insect 
Physiol,, 24: 321-323. 
MUNDALL, E.G., TOBE, S.S. and STAY, B. (1981): Vitellogenin 
fluctuations in haemolymph and fat body and dynamics 
of uptake into oocytes during the reproductive 
cycle of Diploptera punctata. J. Insect Physiol., 
27: 821-827. 
MUNRO, H.N. and FLECK, A. (1967): The determination of 
nucleic acids. Method. Biochem. Anal., 14: 113-
176. 
MUSGRAVE, A.J. (1937): Histology of the male and female 
reproductive organs of Ephestia Kuhniella. Proc. 
Zool. Sec. Lend. (B), 107: 337-364. 
MWANGI, R.W. and GOLDSWORTHY, G.J. (1977): Interrelation-
ships between haemolymph lipid and carbohydrate 
during starvation in Locusta (Orthoptera, Acjididae) . 
J. Insect Physiol., 23: 1275-1280. 
NAGABHUSHANAM, R. , PATIL, P.M. and HANUMANTE, M.M. (1983): 
Biochemical changes in relation to reproduction 
in the tick, Hyalomma anatolicum anatolicum. Rev. 
Parasitol., 44: 131-138. 
NAYAR, J.L. (1965): Reproductive system and external 
genitalia of Syrphus balteatus De Geer. Indian 
J. Entomol., 27: 31-45. 
NAYAR, K.K. (1958): Studies on the neurosecretory system 
of Iphita limbata Stal. V. Probable endocrine basis 
of oviposition in the female insect. Proc. Indian 
Acad. Sci., 47(B): 233-251. 
199 
NETTLES Jr., W.C. and Betz, J.N.L. (1965): Glycogen in 
the boll weevil with respect to diapause, age 
and diet. Ann. ent. See. Am., 58: 721-726. 
NEWTON, C.J. (1954): Effects of starvation on composition 
of Japanese beetle larvae Popillia japonica. Physiol. 
Zool., 27: 247-258. 
NIELSEN, D.J. and MILLS, R.R. (1968): Changes in electro-
phoretic properties of haemolymph and terminal 
oocyte protein during vitellogenesis in the american 
cockroach. J. Insect Physiol., 14: 163-170. 
*NIEMIERKO, S. and NIEMIERKO, W. (1964): Behaviour of some 
phosphorus compounds and carbohydrates in the 
wax moth during anoxia and postaxonic recovery. 
Acta biochim. pol., 11: 429-444. 
•NIEMIERKO, S., WLODAWER, P. and WOJTCZAK, A.F. (1956): 
Lipid and phosphorus metabolism during growth 
of the silkworm (Bombyx mori). Acta bid. exp., 
Vars., 17: 255-276. 
*NONIDEZ, J.F. (1920): The internal phenomena of reproduction 
in Drosophila. Biol. Bull., 39: 207-230. 
NORDEN, D.A. and PATERSQN D.J. (1969): Carbohydrate metabolism 
in flight muscle of the tsetse fly (Glossina) 
and the blowfly (Sarcophaga). Comp. Biochem. Physiol., 
31: 819-827. 
NORDEN, D.A. and PATERSON, D.J. (1970): Carbohydrate metabo-
lism in the flight musle of the tsetse fly (Glossina) 
and the blowfly (Sarcophaga)-II. Int. J. Biochem., 
1: 81-84. 
NOWOSIELSKI, J.W. and PATTON, R.L. (1965): Variation in 
the haemolymph protein, amino acid and lipid levels 
in adult house crickets, Acheta domesticus L. , 
of different stages. J. Insect Physiol., 11: 263-
270. 
O'FLYNN, M.A. (1982a): The blowflies of Queensland. Queens-
land Agric. J., 108: 7-10. 
O'FLYNN, M.A. (1982b): The blowfly problem in Queensland. 
Queensland Agric. J., 108: 212-214. 
O'FLYNN, M.A. (1983): Notes on the biology of Chrysomya 
nigripes Aubertin (Diptera: Calliphoridae). J. 
Aust. ent. Soc, 22: 341-342. 
200 
OLIVEIRA, P.L., GONDIM, K.C., GUEDES, D.M. and MASUDA, H. 
(1986): Uptake of yolk proteins in Rhodnius prolixus. 
J. Insect Physiol., 32i 859-866. 
ORR, C.W.M. (1964 a): The influence of nutritional and hor-
monal factors on egg development in the blowfly Phormia 
regina (Meigen). J, Insect Physiol., 10: 53-64. 
ORR, C.W.M. (1964 b): The influence of nutritional and hormonal 
factors on the chemistry of the fat body, blood, and 
ovaries of the blowfly, Phormia regina Miegen. J. 
Insect Physiol., 10: 103-119. 
*PALM, N.E. (1948): Normal and pathological histological 
studies on the ovary of Bombus, natr. (Hymenoptera). 
Opusc. ent. (Suppl.), 7: 1-101. 
PAPP, L. (1985): The role of taxonomy in the control of 
flies pestering grazing cattle and sheep in Hungary, 
Presented at symposium on "Insect Pests of Farm Animals". 
17. International Congress of Entomology, Hamburg 
(FRG), 20-26 Aug., 1984, L. Papp, in Insect pests 
of Farmed animals, Oct., 1985, pp. 197-202. Vet. Parasitol. 
18(3). 
*PATHAK, S. and SHRIVASTAVA, R.K. (1986): Biosynthesis of 
cholesterol from acetate 2-C,. in the ovary and female 
accessory glands of cockroach. In "Recent Advances 
in Insect Physiology, Morphology and Ecology" (S.C. 
Pathak, ed.), pp. 153-158. Published by Today and 
Tomorrow's Printers and Publishers, New Delhi (India). 
PATHAK, S.C, SHUKLA, R.N. and AGRAWAL, D.P. (1985): Rela-
tionship between corpus allatum, adipose tissue and 
haemolymph protein ccj^entration in Danais chrysippus 
Linn. Asian J. Expl. Sci., 1: 34-45. 
PAYNE, M.A. (1933): The structure of the testis and movement 
of sperms in Chortophaga viridifasciata as demonstrated 
by intravitam technique. J. Morph., 54: 321-345. 
PAYNE, M.A. (1934): Intravitam studies on the hemipteran, 
Leptocoris trivittatus. A description of the male 
reproductive organs and the aggregation and turning 
of sperms. J. Morph., 56: 513-531. 
PEARSE, A.G.E. (1975): Histochemistry. Theoretical and Applied. 
3rd edition. Vol. 1, Churchill Livingstone, Edinburgh, 
London and New York. 
201 
PEFEROEN, M. and de LOOF, A. (1986): Synthesis of vitellogenic 
and non-vitellogenic yolk proteins by the fat body 
and the ovary of Leptinotarsa decemlineata. Comp. 
Biochem. Physiol., 83 (B): 251 -254. 
PEMRICK, S.M. and BUTZ, A. (1970 a): Protein synthesis of 
the fat body of adult Tenebrio molitor. J. Insect 
Physiol.. 16: 643-651. 
PEMRICK, S.M. and BUTZ, A. (1970 b): RNA synthesis of' the 
fat body of adult Tenebrio molitor. J. Insect Physiol., 
16: 1171-1177. 
PERICH, M.J., BERBERET, R.C. and WRIGHT, R.E. (19 85) :Anatomical 
and histological description of the female reproductive 
system of Tabanus abactor Philip (Diptera: Tabanidae). 
J. Kansas Entomological Society, 58: 195-201. 
*PETRUSHKA, E., QUASTEL, J.H. and SCHOLEFIELD, P.G. (1959): 
Role of phospholipids in oxidative phosphorylation 
and mitochondrial structure. Can. J. Biochem. Physiol., 
37: 989-998. 
•PHILLIPS, D.M. (1966): Observations on spermiogenesis in 
the fungus gnat. Sciara coprophila. J. Cell Biol., 
30: 477-497. 
PINHAO, R.C. (1984 a): Flies of public health importance 
(Diptera: Cyclorrhapha) II. Synanthropic flies. Annais 
do Institute de Higiene e Medicina Tropical, 8: 3-
18. 
PINHAO, R.C. (1984 b): Flies of public health importance. 
III. Agents of myiasis. Annais do Institute de Higiene 
e Medicina Tropical, 8: 61-78. 
POLLACK, S.B. and TELFER, W.H. (1969): RNA in cecropia moth: 
site of synthesis, transport and stroage. J. exp. 
Zool., 170: 1-24. 
POLLARD, S.R., MOTARA, M.A. and CROSS, R.H.M. (1986): The 
ultrastructure of oogenesis in Culex theileri. S. 
Afr. J. Zool., 21: 217-223. 
POLLOCK, J.N. (1974): Male accessory secretions, their use 
and replenishment in Glossina (Diptera: Glossinidae) . 
Bull. ent. Res., 64: 533-539. 
202 
PRABHU, V.K.K. and HEMA, P. (1970): Effect of implantation 
of ovaries in the male cockroach, Periplaneta americana. 
J. Insect Physiol., 16: 147-156. 
PRADO,A.P. do and GUIMARAES, J.H. (1982): Current status 
of dispersal and distribution of the genus Chrysomya 
R.D. in the Neotropical region (Diptera: Calliphoridae). 
Rev. Brasil. Entomol-, 26: 225-231. 
PRASAD, C.S. and NATH, G. (1985): Qualitative and quanti-
tative changes in haemolymph proteins of Spodoptera 
litura Fab. during larval and prepupal development. 
Indian J. Entomol., 47: 71-77. 
PRATT, G.E. and DAVEY, K.G. (1972): The corpus allatum and 
oogenesis in Rhodnius prolixus (StSl). I. The effects 
of allatectomy. J. exp- Biol., 56: 201-214. 
PRICE, G.M. (1965): Nucleic acids in the larva of the blowfly, 
Calliphora erythrocephala. J. Insect Physiol., 11: 
869-878. 
PRICE, G.M. (1973): Protein and nucleic acid metabolism 
in insect fat body. Biol. Rev., 48: 333-375. 
PRINS, A.J. (1979): Discovery of the Oriental latrine fly, 
Chrysomya megacephala (Fabricius) along the South-
western Coast of South Africa. Ann. S. Afr. Mus., 
78: 39-47. 
PRINS, A.J. (1982): Morphological and biological notes on 
six South African blowflies (Diptera: Calliphoridae) 
and their immature stages. Ann. S. Afr. Mus., 90: 
201-217. 
Quattropani, S.L. and Anderson, E. (1969): The origin and 
structure of the secondary coats of the eggs of Drosophila 
melanogaster. Z. Zellforsch. Mikrosk. Anat., 95: 495-
510. 
RAMALINGAM, S., NURULHUDA, A. and BEE, L.H. (1980): Urogenital 
myiasis caused by Chrysomya bezziana (Diptera: Calli-
phoridae) in Peninsular Malaysia. Southeast Asian J. 
Trop. Med. Public Health, 11: 405-407. 
*RAMAMURTY, P.S. (1963): Uber die Herkunft der Ribonukleinsaure 
in den wachsenden Eizellen fur Skorpionsfliege, Panorpa 
communis. Naturwiss., 50: 383-384. 
RAMAMURTY, P.S. (1964): On the contribution of the follicle 
epithelium to the deposition of the yolk in the oocyte 
of Panorpa communis (Mecoptera). Expl. Cell Res., 
33: 601-605. 
203 
RAMAMURTY, P.S. (1968): Origin and distribution of glycogen 
during vitellogenesis of the scorpion fly, Panorpa 
communis. J. Insect Physiol., 14: 1325-1330. 
RAMAMURTY, P.S. (1970): Growth and differentiation of the 
follicle epithelium in relation to vitellogenesis 
in Panorpa communis L. (Mecoptera: Insecta). La 
Cellule, 68: 79-94 Illus. 1970 (Reed. 1971). 
RAMAMURTY, P.S. and MAJUMDAR, 
origin of protein yolk 
Indian J. exp. Biol., 5: 
U. (1967): Heterosynthetic 
in Delias eucharis (Drury). 
250. 
RAPUODA, B.A., CHUNGE, C.N., CHUNGE, R.N. 
A.M. (1986): Urogenital myiasis: A 
East Afr. Med., 63: 672-675. 
and NAGINDU, 
case report. 
*RAVEN, C. (1961): 
information. 
Oogenesis. The storage of developmental 
VIII: pp. 274, Pergamon Press, Oxford. 
REITER, C. 
the 
Rechts 
(1984): The growth behaviour of the larvae of 
blue blowfly, Calliphora vicina. Zeits. fur 
91: 295-308. 
RETNAKARAN, A. and PERCY, J. (1985): Fertilization and 
special modes of reproduction. In "Comprehensive 
Insect Physiology, Biochemistry and Pharmacology". 
(G.A.Kerkut and L.I. Gilbert, eds.) Vol. I: pp. 
231-293. Pergamon Press, Oxford, New York and Paris. 
RICHARD, R.D. and GERRISH, R.R. (1983): The first confirmed 
field case of myiasis produced by Chrysomya sp. 
(Diptera: Calliphoridae) in the continental United 
States. J. Med. Ent., 20: 685. 
RIEMANN, J.G. (1973): Ultrastructure of the ejaculatory 
duct region producing the male housefly accessory 
material. J. Insect Physiol., 19: 213-223. 
RIEMANN, J.G., MOEN), D.J. and THORSON, B.J. (1967): Female 
monogamy and its control in house flies. J. Insect 
Physiol., 13: 407-448. 
RIEMANN, J.G. and THORSON, B.J. (1969): Effect of male 
accessory material on oviposition and mating by 
female house flies. Ann. ent. Soc. Am., 62: 828-
834. 
RIEMANN, J.G. and THORSON, B.J. (1976): Ultrastructure 
of the vasa deferentia of the Mediterranean flour 
moth, Ephestia kuehniella (Lepidoptera: Phycitidae). 
J. Morph., 149: 483-506. 
204 
RING, R.A. (1973): Changes in dry weight, protein and nucleic 
acid content during diapause and normal development 
of the blowfly, Lucilia sericata. J. Insect Physiol., 
19: 481-494. 
RIZZO, W.B. and KING, R.C. (1977): Oogenesis in the female 
sterile (1) 42 mutant of Drosophila melanogaster. 
J. Morph., 152: 329-340. 
•ROBERTS, F.H.S. (1931): Some notes on the biology of Queens-
land sheep blowflies. Queensland Agric. J., 36: 
404-409. 
ROBERTS, M.J. (1972): The role of choriothete in tsetse 
flies. Parasitology, 64: 23-36. 
•RONZONI, E. and BISHOP, G.H. (1929): Carbohydrate metabolism 
in the honey bee larvae. Proc. IV Int. Cong. Ent., 
2: 361-365. 
ROSSIGNOL, P.A., McIVER, S.B. and GOLDENBERG, M. (1977): 
Accessory reproductive gland of female Aedes aegypti: 
structure and relationship to oogenesis. Ann. ent. 
Soc. Am., 70: 279-281. 
ROTH, L.M. (1964): Control of reproduction in female cock-
roaches with special reference to Nauphoeta cinerea. 
I. First pre-oviposition period. J. Insect Physiol., 
10: 915-945. 
ROTH, T.F. and PORTER, K.R. (1964): Yolk protein uptake 
in the oocyte of the mosquito, Aedes aegypti L. 
J. Cell Biol., 20: 313-332. 
•ROUBAUD, E. (1922): Recherches sur la fecondite et la longevite 
de la mouche domestique. Ann. Inst. Pasteur, 36: 
765-783. 
*ROy, D.N. (1937): The nutrition of larvae of bee-wax moth, 
Galleria mellonella. Zeitschr. Vergleich. Physiol., 
24: 638-643. 
ROY, D.N. and BROWN, A.W.A. (1970): Entomology (medical 
and veterinary) including insecticides and Insect 
and Rat control. Third edition, Published by the 
Bangalore Printing and Publishing Co., Ltd., Bangalore. 
ROY, P. and DASGUPTA, B. (1975): Seasonal occurrence of 
muscid, calliphorid and sarcophagid flies in Siliguri, 
West Bengal with a note on the identity of Musca 
domestica L. Oriental Insects, 9: 351-374. 
205 
ROY, D.N. and SIDDONS, L.B. (1939): On the life history and 
bionomics of Chrysomyia rufifacies Macq. (Diptera: 
Calliphoridae). Parasitology, 31: 442-447. 
*RUSSO, C. (1930): Recent developments in blowfly research. 
J. Coun. Sci. Ind. Res., 3: 212-219. 
SACKTOR, B. (1965): Energetics and respiratory metabolism 
of muscular contraction. In the "Physiology of Insecta" 
(M. Rockstein, ed.). Vol. 2; pp. 483-580. Academic 
Press, New York. 
SAITO, S. (1963): Trehalose in the body fluid of the silkworm, 
Bombyx mori L. J. Insect Physiol., 9i 509-519. 
SAREEN, M.L. and KAUR, P. (1982): Studies on the spermathecae 
in Physiphora aenea (Diptera: Insecta). Bull. Punjab 
Univ., Sci., 33: 67-72. 
*SAUNDER, W.H. (1916): Fly investigation reports. I. Some 
observations on the life history of the blowfly 
and of the housefly. Proc- Zool. Soc. Lond., 3: 
461-463. 
*SCHARRER, B. (1946): The relationship between corpora allata 
and reproductive organs in adult Leucophaea maderae. 
Endocrinology, 38: 46-55. 
SCHMIDT, C D . and KUNZ, S.E. (1985): Reproduction of Chrysomya 
rufifacies (Macq.) in the laboratory. South Western 
Entomologist, 10: 163-166. 
SCHRADER, F. and LEUCHTENBERGER, G. (1952): The origin 
of certain nutritive substances in the eggs of Hemip-
tera. Expl. Cell Res., 3: 136-146. 
SCHREINER, B. (1977a): Vitellogenesis in the milkweed bug, 
Oncopeltus fasciatus Dallas (Hemiptera). A light 
and electron microscopic investigation. J. Morph., 
151: 35-80. 
SCHREINER, B. (1977b): The effect of the hormone(s) from 
the corpus allatum complex on the ovarian tissue 
of Oncopeltus fasciatus. A light and electron micro-
scopic investigation. J. Morph., 151: 81-110. 
•SCHRODER, C. (1928): Handbuch der Entomologie. Jena. 
SEARCY , D.G. and MacINNIS, A.J. (1970): The Lowry protein 
determination, determination of RNA by the Dische 
orcinol technique and determination of DNA by the 
Burton diphenylamine technique. In "Experiments 
and Techniques in Parasitology" (A.J. Maclnnis and 
M. Voge,eds.) pp. 188-191. W.H. Freeman and Company, 
San Francisco. 
206 
SENIOR-WHITE, R. , AUBERTIN, D. and SMART, J. (1940): The 
fauna of British India (Diptera), Vol. VI. Family 
Calliphoridae, pp. 1-288. Taylor and Francis Ltd., 
London. 
SESHACHAR, B.R. and BAGGA, S. (1963): A cytochemical study 
of oogenesis in the dragonfly, Pantala flavescens 
(Fabricius). Growth, 27: 225-246. 
SHARAN, R. and ISSER, D.K. (1978): Aural myiasis. J.,Laryn-
gology and Otology, 92: 705-708. 
SHARMA, S.K. (1975): Some observations on the mating behaviour 
of flesh fly, Sarcophaga bravicornis. Z. fur Angew. 
Zoologie, 62: 35-38. 
•SHIGEMATSU, H. (1956): Glycogen in the silkworm with special 
reference to the fat. Nippon Sanshigaku Zasshi, 
25: 122-126. 
SHIGEMATSU, H. (1958): The synthesis of blood protein by 
the fat body in the silk worm, Bombyx mori L. Nature 
(Lond.), 182: 880-882. 
SHUKLA, G.S. and SINGH, R.N. (1982): Histopathological 
effect of chemosterilant (Colchicine) on the ovarian 
tissues of Chrysomya megacephala Fabr. (Diptera: 
Calliphoridae). J. Anim. Morphol. Physiol., 29: 
262-264. 
SIDHRA, D.V., THAKARE, V.K. and TEMBHARE, D.B. (1984): 
The histological and histochemical studies on the 
ovary in relation to vitellogenesis in the meloid 
bettle, Mylabris pustulata (Thunb) (Meloidae: 
Coleoptera). J. Anim. Morphol. Physiol., 31: 89-
102. 
SIFAT, S. and KHAN, M.A. (1974): Changes in total proteins 
of the whole body and ovaries of Dysdercus cingulatus 
in relation to age and reproduction. J. Anim. Morphol. 
Physiol., 21: 64-70. 
SIFAT, S. and KHAN, M.A. (1983): Changes in electrophoretic 
pattern of ovarian proteins of Dysdercus cingulatus 
related with age and reproduction. J. Anim. Morphol. 
Physiol., 30: 34-41. 
SIRLIN, J.L. and JACOB, J. (1960): Cell function in the 
ovary of Drosophila. II. Behaviour of RNA. Expl. 
Cell Res., 20: 283-293. 
207 
SLAMA, K. (1964): Hormonal control of haemolymph protein 
concentration in the adults of Pyrrhocoris apterus 
L. (Hemiptera). J. Insect Physiol., 10: 773-782. 
SLANSKY, Jr. F. and SCRIBER, J.M. (1985): Food consumption 
and utilization. In "Comprehensive Insect Physiology, 
Biochemistry and Pharmacology" (G.A. Kerkut and 
L.I. Gilbert, eds.). Vol. 4, pp. 87-163. Pergamon 
Press, Oxford, New York and Paris. 
*SLOWTZOFF,B. (1904): Beitrage zur vergleichenden physiologie 
des hungerstoffwechsels. Beitr. Chem. Physiol. Pathol., 
4: 23-29. 
*SLOWTZOFF, B. (1905): Beitrage zur vergleichenden physiologie 
des hungerstoffwechsels vierte mitteilung. Der Hunger-
stof fwechsel von hummeln (Bombus terrestris). Beitr. 
Chem. Physiol. Pathol., 6: 170-174. 
*SLOWTZOFF, B. (1909). Beitrage zur vergleichenden physiologie 
des hungerstoffwechsel. V. Hungerstoffwechsel bei 
Mistkafer (Geotrupes stercorarius). Biochem. Zeistschr., 
19: 504. 
*SMIT, B. (1928): Observations on the life history of sheep 
maggot fly, Lucilia sericata. Sci. Bull. Deptt. 
Agric. S. Afr., 68: 1-12. 
SNODGRASS, R.E. (1935): Principles of Insect Morphology. 
McGraw Hill Book Company, New York. 
SPRADBERY, J.P. (1979): Daily oviposition activity and 
its adaptive significance in the screwworm fly, 
Chrysomya bezziana (Diptera: Calliphoridae). J. 
Aust. ent. Soc., 18: 63-66. 
SPRADBERY, J.P. and SANDS, D.P.A. (1976): Reproductive 
system and terminalia of the Old-World screwworm 
fly, Chrysomya bezziana Vill. (Diptera: Calliphoridae). 
Int. J. Insect Morphol. Embryol., 5: 409-421. 
SPRADBERY, J.P. and SCHWEIZER, G. (1979): Ingestion of 
food by the adult screwworm fly, Chrysomya bezziana 
(Diptera: Calliphoridae). Entomol. exp. appl., 25: 
75-85. 
SRIDHARA, S. and BHAT, J.V. (1965): Lipid composition of 
the silkworm, Bombyx mori L. J. Insect Physiol., 
11: 449-462. 
208 
STAFFORD, W.L. (1973): Changes in the content of glycogen, 
sugars, nucleic acid, protein and free amino acids 
in the pupa of Glossina morsitans during its develop-
ment. Comp. Biochem. Physiol., 45(B): 763-768. 
STEELE, J.E. (1963): The site of action of insect hyper-
glycemic hormone. Gen. Comp. Endocrinol., 3: 46-52. 
STERN, C. (1941): The growth of testis in Drosophila". I. 
The relation between vas deferens and testis within 
various species. J. exp. Zool., 87: 113-158. 
STOFFOLANO, J.G. Jr. (1974): Influence of diapause and 
diet on the development of the gonads and accessory 
reproductive glands of the black blowfly, Phormia 
regina (Meigen). Can. J. Zool., 52: 981-988. 
STRANGWAYS-DIXON, J. (1961): The relationship between nutri-
tion, hormones and reproduction in the blowfly, 
Calliphora erythrocephala. I. Selective feeding 
in relation to the reproductive cycle, the corpus 
allatum and f etilization. J. exp. Biol., 38: 225-
235. 
SUBRAMANIAN, H. and MOHAN, K.R. (1980): Biology of the 
blowflies Chrysomyia megacephala, Chrysomyia rufifacies 
Vet. Sci.. 11: 252-
On the phospholipids 
Biol. Chem., 25: 
SUCHARIT, S. and TUMRASVIN, W. (1981): The survey of flies 
of medical and veterinary importance in Thailand. 
Jpn. J. Sanit. Zool., 32: 281-285. 
SUTHERLAND, B. (1979): Some effects of temperature on the 
adults, eggs and pupae of Stomoxys calcitrans Linnaeus 
(Diptera: Muscidae). Onderstepoort J. Vet. Res., 
46: 223-227. 
SVOBODA, J.A., KAPLANIS, J.N., ROBBINS, W.E. and THOMPSON, 
M.J. (1975): Recent developments in insect steroid 
metabolism. A. Rev. Ent., 20: 205-220. 
SVOBODA, J.A., THOMPSON, M.J., ROBBINS, W.E. and KAPLANIS, 
J.N. (1978): Insect steroid metabolism. Lipids, 
13: 742-753. 
and 
261. 
Luci lia 
SUBRAMANIAN, D. and 
of Ascaris 
733-737. 
cuprina. Kerala J. 
VENKATESAN, S. 
lumbricoides. 
(1968 
Comp. 
209 
SWEENY, P.R., CHURCH, N.S., HEMPEL, J.G. and GERRITY, 
R.G. (1968): The embryology of Lytta viridana LeConte 
(Coleoptera: Meloidae). III. The structure of the 
chorion and micropcyles. Can. J. Zool., 46: 213-
217. 
SWEENY, P.R.. CHRCH,N.S., REMPEL , J.G. and GERRITY, R.G. 
(1970): An electron microscopic study of vitelloge-
nesis and egg membrane formation in Lytta nuttalli 
Say (Coleoptera: Meloidae). Can. J. Zool., 48: 651-
657. 
TAYLOR, J.F. and HODGSON, E. (1964): The phospholipids 
of various subcellular fraction from the larva of 
blowfly, Phormia regina. Ann. ent. Soc. Am., 57: 
795. 
TELFER, W.H. (1954): Immunological studies of insect meta-
morphosis II. The role of sex limited blood protein 
in egg formation by the cecropia silk worm. J. gen. 
Physiol., 37: 539-558. 
*TELFER, W.H. (1960): The selective accumulation of blood 
proteins by the oocytes of saturniid moths. Biol. 
Bull. mar. biol. Lab., Woods Hole, 118: 338-351. 
TELFER, W.H. (1965): The mechanism and control of yolk 
formation. A. Rev. Ent., 10: 161-184. 
TELFER, W.H. (1975): Development and physiology of the 
oocyte-nurse cell syncytium. Adv. Insect Physiol., 
11: 223-319. 
TELFER, W.H. (1979): Sulfate and glucosamine labelling 
of the intercellular matrix in vitellogenic follicles 
of a moth. Wilhelm Roux's Arch., 185: 34 7-362. 
TELFER, W.H. and MELIUS, Jr. M.E. (1963): The mechanism 
of blood protein uptake by insect oocytes. Am. Zool., 
3: 185-191. 
TELFER, W.H. and RUTBERG, L.D. (1960): The effects of blood 
protein depletion on the growth of the oocytes in 
the cecropia moth. Biol. Bull., Woods Hole, 118: 
352-366. 
TELFER, W.H. and SMITH, D.S. (1970): Aspects of egg forma-
tion. Insect Ultrastructure. Symp. R. ent. Soc. 
Lond., 5: 117-134. 
210 
TEMBHARE, D.B. and THAKARE, V.K. (1975): The histological 
and histochemical studies on the ovary in relation 
to vitellogenesis in the dragon fly, Orthetrum chrysis 
Selys (LiebellulidaerOdonata). Z. mikrosk.-anat. 
Forsch. Leipzig. 89: 108-127. 
THORNHILL, R. and ALCOCK, J. (1983): The evolution of Insect 
mating systems. Cambridge, Mass.: Harrvard University 
Press. 
TOBE, S.S. and chapman, C.S. (1979): The effects of starva-
tion and subsequent feeding on juvenile hormone 
synthesis and oocyte growth in Schistocerca americana 
gregaria. J. Insect Physiol., 25: 701-708. 
TOBE, S.S. and DAVEY, K.G. (1972): The 
Glossina austeni Newstead (Diptera: 
ent. Res., 61: 363-368. 
choriothete of 
Muscidae). Bull. 
TOBE, S.S. and LOUGHTON, B.G. (1967): The development of 
blood proteins in African migratory locust. Can. 
J. Zool., 45: 974-984. 
and GILBERT, L.I. (1967): In-vitro THOMAS, K.K 
on the release and transport of phospholipids. 
Insect Physiol., 13: 963-980. 
studies 
J. 
THOMAS, K.K. and NATION, J.L. (1966): RNA, protein and 
uric acid content of body tissues of Periplaneta 
americana (L.) as influenced by corpora allata during 
ovarian development. Biol. Bull., Woods Hole, 130: 
442-449. 
THOMPSON, A.C., HENSON, R.D., GUELDNER, R.C. and HEDIN, 
P.A. (1972): Constituents of the boll weevil, Anthonomus 
grandis Boheman. III. Lipids and fatty acids of 
subcellular particles of pupae. Comp. Biochem. Physiol., 
43: 883-890. 
*THOMSEN, E. (1943): An experimental and anatomical study 
of the corpus allatum in the blowfly, Calliphora 
erythrocephala Meig. Vidensk. Medd. Natwhist. Foren., 
106: 318-405. 
THOMSEN, E. (1952): Functional significance of the neuro-
secretory brain cells and the corpus cardiacum in 
the female blowfly, Calliphora erythrocephala Meig. 
J. exp. Biol., 29: 137-172. 
211 
TRIPATHI, C.P.M. and CHAUDHRY, H.S. (1979): Effect of thiourea 
on RNA synthesis in the ovarioles of Sarcophaga 
ruficornis Fabr. J. exp. Biol., 17: 510-512. 
TRIPATHI, C.P.M. and CHAUDHRY, H.S. (1981): Effect of thio-
urea on DNA synthesis in the ovarioles of fleshfly, 
Sarcophaga ruficornis Fabricius (Diptera: Cyclorrhapha). 
J. ent. Res., 5: 143-146. 
*ULRICH, H. (1967): The structure of ovarioles in Glossina 
morsitans Dent. ent. Z., 13: 379-382. 
VALLE, D., LIMA, GOMES, J.E.P., GOLDENBERG, S. and GARCIA, 
E.S. (1987): Rhodnius prolixus vitellogenesis: Depen-
dence upon the blood source. J. Insect Physiol., 
33: 249-254. 
VANDERBERG, J.P. (1963): Synthesis and transfer of DNA, 
RNA and protein during vitellogenesis in Rhodnius 
prolixus (Hemiptera). Biol. Bull., 125: 556-575. 
VAN HANDEL, E. and LEA, A. (1965): Medial neurosecretory 
cells as regulators of glycogen and triglyceride 
synthesis. Science, N.Y., 149: 298-300. 
VELLAYAN, S., JEFFERY, J., OOTHUMAN, P., ZOHED, M. and 
KRISHNASAMY, M. (1984): Cutaneous myiasis due to 
Chrysomya bezziana Villeneuve (Diptera: Calliphoridae) 
in a sea-lion, Zalophus calfornianus at Zoo Negara, 
Malaysia. Malaysian Vet. J., 8: 19-21. 
*VERHEIN, A, (1921): Die Eibildung der Musciden. Zool. Jahrb. 
Anat., 42: 149-212. 
VERMA, G.P. and ISHIKAWA, M. (1984): Oogenesis in a flesh 
fly, Sarcophaga ruficornis. Dev. Growth Differ., 
26: 591-597. 
VINOGRADOVA, E.B. and MARCHENKO, M.I. (1984): Use of temp-
erature parameters of fly development in legal-medical 
practice. Sudebno-Meditsinskaya Ekspertiza, no. 
1: 16-19. 
VOGT, W.G. and WALKER, J.M. (1987a): Influences of temperature, 
fly size and protein-feeding regime on ovarian deve-
lopment rates in the Australian bush fly, Musca 
vetustissima. Entomol. exp. appl., 44: 101-113. 
VOGT, W.G. and WALKER, J.M. (1987b): Potential and realised 
fecundity in the bush fly, Musca vetustissima under 
favourable and unfavourable protein-feeding regimes. 
Entomol. exp. appl., 44: 115-122. 
212 
VOGT, W.G., WOODBURN, T.L. and TYNDALE-BISCOE, M. (1974): 
A method of age determination in Lucilia cuprina 
(Wied.) (Diptera: Calliphoridae) using cyclic changes 
in the female reproductive system. Bull. ent. Res., 
64: 365-370. 
VOGT, W.G., WOODBURN, T.L. and GERWEN, A.CM. VAN (1985a): 
The influence of oocyte resorption on ovarian deve-
lopment rates in the Australian sheep blowfly, Lucilia 
cuprina. Entomol. exp. appl., 39: 85-90. 
VOGT, W.G., WOODBURN, T.L., ELLEM, B.A.. GERWEN, A.CM. 
VAN, BROWNE, L.B. and WARDHAUGH, K.G. (1985b): The 
relationship between fecundity and oocyte resorption 
in field populations of Lucilia cuprina. Entomol. 
exp. appl., 39: 91-99. 
*VON KRAFT, A. (1960): Entwicklungsgeschichtliche und histo-
chemisch untersuchungen zur oogenese von Tachycines 
(Insecta: Saltatoria) II. Mitteilung. Zool. jb. Anat., 
78: 485-558. 
VROMAN, H.E., KAPLANIS, J.N. and ROBBINS, W.E. (1965): 
Effect of allatectomy on lipid biosynthesis and 
turnover in the female American -cockroach, Periplaneta 
americana (L.). J. Insect Physiol., 11: 897-904. 
WALKER, P. A. (1966): An electron microscope study of the 
fat body of the moth Philosamia during growth and 
metamorphosis. J. Insect Physiol., 12: 1009-1018. 
WATSON, J.A.L. (1967): Reproduction, feeding activity and 
growth in the adult firebrat, Lepismodes inquilinus 
Newman (Thysanura: Lepismatidae). J. Insect Physiol., 
13: 1689-1698. 
*WEBBER, H. (1954): Stellung und Aufgaben der Morphologie 
inder Zoologie der Gegenwart. Verhandlungem der 
Deutschen Zoologischen Gesellschaft, 1954: 137-159. 
WEBBER, L.G. (1957): Utilization and digestion of carbo-
hydrates by the Australian sheep blowfly, Lucilia 
cuprina. Aust. J. Zool., 5: 164-172. 
WEED-PEIFFER, I.G. (1945): Effect of the corpora allata 
on the metabolism of adult female grasshoppers. 
J. exp. Zool., 99: 183-233. 
WHITMAN, D.W. and 
sex organs 
Taeniopoda 
12. 
LOHER, W. (1984): 
and insemination 
eques (Burmeister) 
Morphology of male 
in the grasshopper 
. J. Morph., 179: 1-
213 
*WIENS, A.W. and GILBERT, L.I. (1965): Regulation of cockroach 
fat body metabolism by the corpus cardiacum iji vitro. 
Science, N.Y., 150: 614-616. 
WIENS, A.W. and GILBERT, L.I. (1967): Variations in the 
glycogen content of fat body, ovary and embryo during 
the reproductive cycle of Leucophaea maderae. J. 
Insect Physiol., 13: 587-594. 
WIGGLESWORTH, V.B. (1942): The storage of protein, fat, 
glycogen and uric acid in the fat body and other 
tissues of mosquito larva. J. exp. Biol., 19: 56-
77. 
•WIGGLESWORTH, V.B. (1943): The fate of haemoglobin in 
Rhodnius prolixus and other blood sucking arthropods. 
Proc. R. Soc.{B), 131: 313-339. 
WIGGLESWORTH, V.B. (1949): The utilization of reserve sub-
stances in Drosophila during flight. J. exp. Biol., 
26: 150-163. 
WIGGLESWORTH, V.B. (1963): The action of moulting hormone 
and juvenile hormone at the cellular level in Rhodnius 
Prolixus. J. exp. Biol., 40: 231-245. 
WIGGLESWORTH, V.B. (1954)s The hormonal regulation of growth 
and reproduction in insects. Adv. Insect Physiol., 
2: 247-336. 
WIGGLESWORTH, V.B. (1965): The principles of Insect Physiology. 
Methuen & Co., London. 
WIGGLESWORTH, V.B. (1972): The Principles of Insect Physiology. 
7th edition. Chapman and Hall, London. 
deWILDE, J. and de LOOP, A. (1973): Reproduction-endocrine 
control. In "The Physiology of Insecta". 2nd edition. 
(M. Rockstein, ed.). Vol. 1, pp. 97-158, Academic 
Press, New York. 
WYATT, G.R. (1961): The biochemistry of insect haemolymph. 
A. Rev. Ent., 6: 75-102. 
WYATT, G.R. (1972): Insect Hormones. Biochemical Action 
of Hormones (G.Litwack, ed.) 2, pp. 385-490. Academic 
Press, New York. 
•WYATT, G.R. and KALF, G.F. (1957): The chemistry of insect 
haemolymph. II. Trehalose and other carbohydrates. 
J. gen. Physiol., 40: 833-847. 
214 
*YAO, T. (1949): Cytochemical studies on the embryonic deve-
lopment of Drosophila melanogaster. I. Protein 
sulfhydryl groups and nucleic acids. Q. Jl. microsc. 
Sci., 90: 401-409. 
YIAN, R.L. and WENG, Y.L. (1985): Studies on Chrysomyia 
bezziana Villeneuve and the myiasis it caused (Diptera; 
Calliphoridae). Wuyi Sci. J., 3: 157-163. 
YADAVA, R.P.S. and MUSGRAVE, A.J. (1972): Phospholipid pat-
terns of two symbiote harbouring weevils, the rice 
weevil, Sitophilus oryzae L. and the corn weevil, 
Sitophilus zeamais. Comp. Biochem. Physiol., 42(B): 
197-200. 
YI, Y.Y. 
by 
Diseases, 
(et al. ) (1985): Eight cases of myiasis caused 
Chrysomya bezziana. J. Parasitol. & Parasitic 
3: 233. 
ZAICI, Z.S. and KHAN, M.A. (1974): Cholesterol concentration 
in the haemolymph, fat body and gonads of the red 
cotton bug, Dysdercus cingulatus Fabr. (Hemiptera: 
Pyrrhocoridae) in relation to metamorphosis, age 
and reproduction. Indian J. Entomol., 36: 11-16. 
ZAIDI, Z.S. and KHAN, M.A. (1979): Changes in the total 
protein level of the haemolymph of Dysdercus cingulatus 
Fabr. (Hemiptera: Pyrrhocoridae) as related to meta-
morphosis and age. J. Anim. Morphol. Physiol., 26: 
182-187. 
ZAJONC, I. (1983): Notes on the biology of the fly Lucilia 
sericata (Meigen, 1826) (Diptera: Calliphoridae). 
Biologia (Bratisl), 38: 149-153. 
ZAKA-UR-RAB, M. 
of Dacus 
fly. 
(1971): Morphology and internal anatomy 
(Strumeta) cucurbitae. The Indian fruit 
Indian Insect Types, Vol. VIII. Aligarh Muslim 
University Publication (Zoological series). 
*ZALUSKA, H. (1959): Glycogen and chitin metabolism during 
development of the silkworm (Bombyx mori L.). Acta 
bid. exp. Lend.. 19: 339-351 
*ZUMPT, F. (1965): Myiasis in man and animals in the Old 
World,Butter Worths, London. 
References not seen in original. 
